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(54) Title: VEC3^4(ELATED FR01CIN 

(57) Abstract 

A human VEGF-related protein (VRF) has been 
identified and isolated that binds to, and stfmnlatrs the 
phosphoiylatiCBi of, the xecq^ tyzosine kinase FIt4 
The VRP is posmlated to be a dmd member of the 
VEGF protein family. Also provided are antibodies tfiat 
bind to VRP and neutralize a budogieal activity of VRF. 
compositions contafaring die VRP or antibody, meduxis 
of use, ddmerie polypeptides, and a tignal polypeptide 
for VRP. 
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VEGF-REI Airn PROTON 
BACKGROTJND OFTHE rNVFKTnON . 

firidoffliglnvffitiQn 

The present mvcotuni pofiuns gcneiuUy to s Rccptor pfonmi q^tosoib kiiffltft (tkiiC) ligmd. Mm 
^ 5 pviiailariy,thonvaitioBreiBteitDaf^ 

Ip^ gidafiimiiiiffif dw phoiphoiytBPOp ofc tfac Fte4 ^roiiM Mmm iBccpipr(alio known is tfac Sil*Sl fnccpiar) 
ad di6 fcwtoiUifl snd recombinnnt production of the ssnc* 

DMermriMi of Related Art 

The fonmdon of new blood vessels either from difTeftmiaihig endotheiiai ceils during embryonic 
XQ devtlapment(vasculogenesa)orframpcMdstingvessebdnri^ 

of organ development; reproduction, and wound heaiing in higher organisms. FoOonan aiul Shing, J. Biol. 
Qm^ 2£b 1093M0934 (1992); Reynolds «r < FASmi. 8S6^ (1992); Risan ei oL, DevelopmcHL 
JiQ;47M7S(1988). Angiogenesis is also necessary fecefttmpadwlogicai processes faicfaul^ 
awhnan^lli&isiddi^ 

XS WhflaMtveMl muwih fiiCBga cm nimiilgia awyogwnwd* nQa^^mmaBAf^FAmen^ Aim. Rev. PhvaioL, 

23; 217-239 [1991]; FoUanan and Klagton. SdmetL 222: [l987Dt vascoiar endodieiiai ^nwiii fionr 
fVEGn CFammtaL. Endo. Rev.. Mfi lg-32 [1992]) IS a potent angiogenic factor that ac3 via die endothelial 
cejUenecifie neastar tvmfinc kinaaea fin^ike tvmtlBe Icinflug mtt\ rShihuvn ^ ii^- Qneogene. 5; 519.^ 
[1990];deVries«rdL«SfitSDa222;9S9-99i [1992]) and fetal tiver kinase (FOcl) (also designated KDR). Quinn 

20 met, Pn^^^ Aearf Srf USA- ^ 7S33-7S37 (1993); Mi&atter ef dL, £dL 22; S3S-846 (1993); Manhews 
ftoc> Nad. Acad. Sci TTSA. Mr 9tl2g.9Q30/IOOI^ Temim otaL ^t^tm Biopttya. Rea. CnmmmL. 187: 
1579-1586(1992); Teiman«rdLfing2gfin&fi: 1577-1683 (1991); OeWchs«rdL,QnSS2g&ll& ft IMS (1993). 
These nvo VEGF receptors and a diini orphan receptor, Flt4 (Pajuanla^fl^. Cancer Rea^ 52i 5738-5743 (1992); 
GaUaod et aL^ Oncogene. 1233*1240 [1993]; Finnerty er aL. Qfico^e. 2293-2298 [1993]) constiaxte a 

25 sub£unlly of class III receptor tyrosme kinases that contain seven extracettuiar hnmunoglobulm-ltke domains 
andasplitinaaceUularcyTQShie kinase domain. MustoaenandAtilBlo,L£dL£i&LJL22^ 895-898 (1995). See 
also WO 94/10202 published 11 ^fay 1994andICT/US93y00586ftled221anoaiy 1993(AvFahameral). These 
diiee receptors hawt 3 1*36% animo add idendty m dieir exiracelhdar Ugand-bm 

Mice deficient in Fit 1 ffonff nL Nato f gL 3 7^: fi6»7D [1 095]) nr Flkl f Shahhy M at. ^qtffrft. 376: 62- 

30 66 [I995D (generated 1^ gene targeting in embryonic stem cells) have severe defects m vascuiogenesis and die 
in utexo at embiyontc day 8-9. Tlie phenotype of die receptor-deiideat mice differs considerably, however. 
Mice lacking FItl have a disorganized vascoiar endothelium duu extends to the major vessels as well as to the 
micRivasculaone. while endothelid cell dfferentiation appears to be normal. FongetaL^ supra. Mice lacking 
Flkl have a major defiea m the development of mamre endothelid cells as well as a severe redncdon m 

35 hematopoietic cell progenitors. Shalaby er a/., ^rupra. Thus. VEGF may aa on endodieiiai cells at more than 
one stage of vascuiogenesis. 

Ht4 is also spedficdly expressed in endotheiiai cells: h is &st observed in day 8 J mouse embryos in 
endodielid cell precurson. Kdpdnen er dl, Proe. Natl. Acad. Sci. USA. 21: 3566-3570 (1995); Kdpainen et 
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oL. L Exp. Med.. 178: HWl. See also Hfltva ^ /i/.- Am I PathoL 146: 36M78 (1995^. As 

devdopm eni proce eds. F! t4 expression becomes confined to the venous and iymphatic endocfaeiiom and is finally 
tesfficted to the lymphatic vessels. Consistem with tUs finding, adult human tissues show Flt4 expression in 
^ ffiiphacfff e ndotheli a while there is a lack of c tpi cssi on in aneriest veins, and capillaries^ KaipaineB0^«AB{^ 
5 Natl. Acad. Sei. USA, jhhm- Qones encoding httman and mouse FM have been isolated either by PGR witfa 
primes fion consennti 9n»ine kinase legms ^inn^ 

£|gigQUa.i2:47M78(I992). Altenathrespildng of the FMisRNA produces tiro variattso^ 
diSB3ingbyd3anuiu)aczdsattfaeC«teiminas. PahBoiatfaL Qneoyene. 2931*7937 n9931. Itae variaats 

10 migtatB M hmA of 170»iq0 kPa ffat am putiany dgawed prntwnlyriftilly tfiiy ffltTimihily itftmttn tff fTTWhtCff 

a tern of about 125 kDa. Paiuaolaer at, Qamgene. 8, amrtr Pahnoia g Qncoggne. 9: 3545*35S5 n994\. 
Expression of the longer spliced fbmi of nt4 as a chhncra with die extraceihto 

afaom that ite FM taoaeeihilar domam can signal a Ugand-dependent growth response in rodent flbtpblestSw 
Pafmola ^iiL Onenyene, 9. ^aprat Utsr^^nL. QiieoyM^ |ftf OTt,ond (100^ FIt4 has been localised tO 

IS Innwi ckmnosome 5q34-q35 (Apieiacovaer oiL, japra; Gallaad ^ at, GetiomteaL supria\i FUl and FDcl ere 
located at 13ql2 flnhatga^- Cvtpgaigt. Q>n Ct^ietL. CTr 175-177 [1994]) and 4ql2. Sahtf dL^fiaogaia 
Cell CjCTgt.. 70! 145*146 f I99yte Spritzer iit. Genomtcs. 77! noodV 

VECF is a hooBodimeric* cysteine<mh proteia that can occur in at leas^ 
spBdngofitimRNA. FemracraCjigsirtL WhifeVEGFaah^h-afifini^ligandfiirFItl andFlkUitdoesttot 

20 badoracdvaoiFM. Pqnsolaa»dl,j2aSfi8SQSi2.^Mpra: Tlieonlyodiereloselyiebttedmemfaerofthe VEGF 
taBilybi^laeemalpowthtetar9IGFXwhidihas47%aaino^ MagKonecroL,£mb 
Warti A'Tttli 5fiii Iffirti Bff' Q^^^-oyy* f^t»') PlGFalsooeeoRfatwoaltainativelyspiiGedfiiinswhicfadlflfo 
in the pteseoee or absence of a basic heparin binding domain of 21 amino acids. M^lioneerdl,^2BSSgSDfii£? 
925-931 n9931: Hamerand WeiA Growth Factors. 9: 259-2fig nOQiy PIGF binds to Fltl butnottoFQcl 

2S (Park er a/., J. Biol. Chem.. 2^: 25646-25654 [1994]^ it is believed that its binding to FIt4 has not been 
demnined. PIGF &ib to dupUcate the capiUaiy endothelial cell mitogenesis or vascuto 
ofVEGF,suggestmgdiat these activities are mediated by the FQclrecepmr. MietaL^snpra, 

Molecules that nsodulate the Flkl receptor (m* neutralize activatkm of a VEGF receptor are disclosed 
in the patent Ittefatne. For example, WO 95/21613 published 17 August 1995 disdosea cmpounds diat 

30 noduiaie XDR/F&l receptor signal transduction so as to reguhoe andAir modulate vasculogcttesa and 
an g to g e nesis and daciose using FUcl to evaluate and screen for drags and analogs ofVEGF involved in FUcl 
modulation by eidier agonist or antagonist activities; WO 95/21865 published 17 August 1995 discloses 
molecules immunointeraoive widi animal neuroepithelial kinase (NYKyFflcl, which molecules can be used to 
provide agents for treatment, prophylaxis, and diagnosis of an angiogenic-dependent phenotype; and WO 

35 95SI86S published 17 August 1995 discloses monoclonal antibodies that specifically bind to an exiracelluhur 
domain of a VEGF receptor and neutralize activauon of the receptor. 
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SUMMARY OFTHP TWVPKTTO]J 
cDNA clones have now been tdemified that encode a novei protein, designated VRP. which binds to 
and itimi i lairs the phospfaoiyfationoftfae receptor tyrosine VRP is related in amino acid sequence 

to VEQF. but does not interaaappieciably with the VEGFrecepiois.FItl andFlkl. 
S In one aspect the invepnon 0iovides isolated btologieaHy aerive hmtMq vtP ^tai*\r ^ yt imt 7^5 

amino adds. In another aspect; the invention supiriiesisolaiBdbtologi^^ 

(VRF)coniprisittg an amino add seqaenoecompiistng at least re h 
In fimfaer aspect, the hivention supplies isolated biologically acdve Ktwt«i VRP ^wnming an amino add 
sentence shown as residues •ZD through 399, tnchisive, or residues 1 thiough 399« mdusive, of Fignn L 

^0 Thgjgvtntioo also pcnamstocfaimeras comprising the VRP Forexampie. 

the invcntiottpnmdes a dihneric polypeptide omiprising die VRP An 
enmpie of such a chhneia is eptope-tagged VRP. 

hi another a^wo. the hiveanon provides a composition comprismg bioiogicalty active VRP and a 
phsimaceadcdiy acceptable canier. hi a more spect&emfaodhttent»ihomventmn provides a pharinacenticai 

15 c om p iw i lign oseflil for promotion of vascular or lymph emfatiigifai girfi yimth fi ^t i p iff i n g g fi M>f»p>Tt<i^t |y 

eActtvoarooantoftheVRPinaphannaceaticallyaccepiaUecanta. hi anodier aspect; diiscomposidflB tether 
co mprin e s another cell growth factor such as VEGF and/or PDGF. 

In a tether aspect, the nvemion provides a method of treatmg vascular tissue and piomoting 
angloggnesis m a mammal comp r i su ig administermg to the mmmal an gffiecttvg wmmmt ^ th? ':*y^pff f If H i 
30 comprising VRP. In another embodiment, the invention pnivides a meduxl for treating namnaafifecti^ 
vascular codjHhdfamicoptprisinga rihrinlitef mg to a niaimnals^^ 

the co mp os it ion contammg the VRP, Thetianmats.forexample,dhri)etfeulcenorawonndofthebhiodve^ 
orhcact in another embodimenL the invemion pmvidga a mgtfand fa r m mtht^ « H y^wHtMff y h a n w i ft rinrd 
by lack of acdvation or tadc of faifaibftton of a receptor for VRP in a itianimfli «wpwff«n iwhnmiitrring tff !hft 

25 mammal an effective amount of the composition containing the VRP, 

The htvention also pnivides a medu)d whidi involves contacting the !nt4 recepm 
pfaosphoiyiationoftfae kinase domain thereof For example, the invention provides a method for stimtilating die 
pfaosphoiyiation of a Qrosine kinase domain of a Flt4 recq^tor comprismg cffn f actfng an esoiacelluhv do m ain 
of the FM receptor widi the VRP. 

30 The hivemion also provides a monoclonal antibody which bfaids m die VRP and prefombly also 

neutialBBes a biofogicai acthfiQr of die proiem, one biokigical activity bemg chamcierized as premotmg 
neovascularizadtm or vascular pemieabilhy or vascalareadodidideeUgre^ Altemativeiyor 
conjunctively, die invention provides a monoctonal antibody whidi binds to die N-lctminal portion ftora tesidues 
•20 through 137, inchisivc, or from residues through 137. inchisive, of the amino add sequence shown in 

35 Figure L The antibody can be used, for example, to detect die presence of die VRP in a biological sample 
s i wpmed f having die protein, r to treat patients. The invention contemplates a phaxmaceutical composition 
comprising such antibody and a pfaamiaceutically acceptable canier, as well as a mediod fn-eating diseases or 
disorders characterized by undesirable excessive neovascularization or vascular peimeabilhy in a mamnwl 
comprising admmisiering to said mammal an eftoive amoum of one of die antibodies described above. Further 
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indiided by the invention is a method for treatiDg a dystuncnonai state charactenzed by excessive activation or 
inhfliiiion of a leeeptor for VRP in a manuiai compnsing administer 
one of the antibodies described above. 

In addidon. the mvemion comemplates a peptide consistmg of an amino add sequence shown as 
5 vesidues*20thiouBh-l, incfaism; of Figure 1. 

b a fimfaer embodiment, die invenihm provides an BoJated nuc^ 
VRPchnnera. in one aspect, die nodeie add moteukbRNA or DNA that aieode^ 
oriscom pi f in fmanf m nu d eic a d d sequeaee c nc n riiny n rr h VRP. and nmrnt «iahiy hnmyf <^ jt tm^ fiym ywt 
oooditions. Tl» middc add moIecuieopdonaUymchides die regions of die n^^ 
XO Iwhicfa encode signal sequences. inoneembodnnem^dtenttdescaddaaqaenceisseiectadfiQm: 

(a) die coding region of die nuclei add sequence ofF^ 1 dxatcodesfe 
•20 to residue 399 or diet codeafiy die mamre protein from residue 1 to residue 399 (Lc^ nucleoddes 372 
direngb 1628, indusive, or m iclco tid c s 432 dttough 1628, mchisive.ofdienaeteie add sequence shown m 
RgnrelasSBQIDNO: l);or 

IS (b)asequeaGecoirespondmgtodiesequenceof(a)whhittdieacop^ 

In aaodier a^ect» the nndde add molecuie can be provided hi a iqilicable vector comprismg die 
nucleic add nwlecafc cpciably linlcBd to amirol sequoia 

whhdieveaor lliemvennonfiiidter provides a host cett comprismg die vectors die nuc^ 
A niediod of producng VRP is ah» pnivided whidi comprises eohuiing a to 
20 nmlecule and recovering die piotemfiom die host cell cuItureL 

BRIEF nrantTPrmN op thf nn a wvr.c 

F^nres lA-tD depict die mideoddeeodmg sequence (SEQ ID NO: IX nndeotide complememaiy 
sequence (SEQ ID NO: 2X and deduced amhm add sequence (SEQ D NO: 3) of dm human VRP 

2S ngnre 2 depicts bindii^ of FIt4/IgG and of Rse/IgG (an unrelated recepmr ftdon pncem) to die human 

glioma Gdl Ime G6K which blndhig was evaluated by FACS andysis. 

F^mes 3A and 3B respectively depict a map of cDNA clones encodmg human VRP and an all^ 
of tfmpmdn aetpience VRP (SEQ ID NO: 3) widi diat of VEGF121 ID NO: 4) and ?1GF,3 j (SEQ ID 
NO:S). F«nre3Ashowsd»e3aemoffturVRPcDNAdones;dadiedlhusmdi^ 

30 VHUandVHlJ. Allows mdicateiesiricdonen^eates; dm shaded box mdi^ 

signd sequence; die open box indicates die mamreprotem; Y*iype designadons widim dmopen box mdicate die 
potenddN-JinkedglycosyladonsftBs; and venicd lines indi^ A diagram of VEGF|2i 

is shown for comparison. The hydropadiy plot (Kyle and Doolinie. J. MoL Biol. 157: 105-132 [1982]) is for 
VRP, In Figure 3B. overiining indicates die region encoded by an expressed sequence tag (EST) (sequence of 

35 a poition of a cDNA done) 60m GenBank designated HSCI WFl 1 1. 

Rgnre 4 depicts a map of die cDNA done for full-lengdi human VRP herein versus eleven known 
ESTs. The eleven EST paittd ammo add sequence fiagments are H0799I and H07899 (5' and 3' ends of die 
same cloned fragment respectivelyX H03I34 and H05I77 (3* and 5* ends of die same cloned fragment. 
respeoivdyX HSCI WFI 12 and HSCI WFl 11 (3* and 5' ends f die samecioned fragment respectiveiy). T8I4SI 
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and T81690 (3* and 5* oub of the same doned fragment respectively). R77495 (a V end of a ckswd fasffomX, 
and T84377 and T89295 (5* and 3* ends of the same cloned fi^gment. respectively). 

Ffgure 5 depicts binding of ^^I4nt4/IgC to iniriii^ The binding was perfomied in die absence 
(•)€r presence H of 100 nM iteeptor IgG fiision protein (Fig. 5A)OTwidi increasing concentntions of F!t4/IgG 
5 (Fig.5B). 

Flynre 6 showa a paph of tho ceil count of human limg witemtwmeitiw tmAt^Mlw^} <^iu a fiwt^-^mt 

of the cencanintioa of VEGF or VRP in die cell col&ire medium to I 
DETATLm ngsr-iMPTTnianP- 

10 In describing die present invenrion, die Mowing terms wiD be employed, and are iafended to be 

defined as nidicated below. 

*l{imian VRF* is defined herein to be a polypeptide sequence containmg at lease residues -20 to 399, 

indusive;orresidues4>l to 399, mcfaistve,ofdieaniino add sequence shown in Figure Uincbding residues *5 

to 399. incfaistve, and residues -4 tt> 399, mchisive.ofdie ammo acid sequence Uaswellas 
15 biologically active deletksoaLinsertional, or substitutional 

sflBlDO adds andAxlMving at least residues H dumigh 29« tn^ 

dm protein sequence has at least residues +1 dirottgh 137. tndusive. of FI^ U more preibmbiy atleast 
residues -20 dirough29,indnsive, of Rgue U and nmipmftr^ at least residues -2D ttBOOgb 137, inehisi^ 
ofFigore I. In anodier prefixed embcidiment die biologicaliy active varmnts have a 1^^ 

2 0 amino add residues, more preferably about 300-450, even more prefiaabiy about 350-450, and most pieferably 

about 399-419 amino add residues. Another p r e f e r re d set of variants are variants that are insertional or 
iuhaihmiuiial variants, or delerionaf vanants where the deletion is in the signal sequence andto is not in die N« 
terminal region ofdiemoleculea&, residues 1-29, prefoably residues M Hm definition ofVRPexdudes 
aU known EST sequences, such as, eg:, H0799U H05I34, H05177, HSC1WF112. HSCIWFIIU T814S1, 

25 R77495* H07899, T84377, T81690. and T89295. as weH as all fbrms of VEGF and PIGF. 

"biologically active* ibr the puiposesherem means having die abili^ to bmd to, and stimulate the 
phosphorylation ofl die F1t4 receptor. Generally, die protein will bind to die extracellular domain of die FIt4 
receptor and thereby activate or inhibit die innacelhdartyrosmekmase domain ther^^ Consecpientiy, binding 
of the protein to the receptor m^ result in enhancement or inhibition of proliferation and/or diffaendation and/or 

30 activation of cells havmg die Flt4 receptor for die VRP iff vrvo or OTviM. Bindmg of the protein to die Flt4 
recepmr can be determined usmg coaventionai tp rhntgnpt tnehiding com|Mtitrtfe hinding imrrfmrk. mm^ m RiAa, 
EUSAs, and odier comp e titi ve bmding assays. Ligand/receptor complexes can be identified using such 
sqaration methods as filtration, cemrifiigation. flow cytometry (see. eg., Lyman er dL, CelL 2i: 1 157-1 167 
[1993]; Urdal et aL, I Biol. Chgm . 2S2:2870.2877 [1988]; and Gearing erdl, EMBOI. 5J667-3676 [1989]), 

3 5 and the like. Results from binding studies can be analyzed using any conventional graphical representation of 

die binding data, such as Scatchard analysis (Scatchard, Ann. NY Acad. Sc!..5 1 !66Q*672 [I949J: Go dwin et 
oL^ £filL 22;447'456 [1993]), and die like. Since die VRP induces phosphorylation f die Flt4 receptor, 
conventional tyresuie phosphorylation assays, such as the assay described in Example 5 herehu can also be used 
asanindicati n fthef nnati n fa Flt4 receptor^RP complex.' 
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The tenn 'qsitope ogged" when used herein refen to a chimeric polypeptide comprising the entire 
VRP. or a portion theRo£ fiised to a 'tag polypeptide^ The ta^ 
cpiBipe ^mt whkfa an antibody thereagainst can be in^ 
wirii aciiviv of the VRP. The tag polypeptide preferably also is fiutly 
S doesnocsubsBmtiailycros»4e8awidiodxerepitopes.Stiitafaletagpoiypeptte 
acid residues and usually between about MO amino acid te^^ 

"Isolated,* when used to describe the wmna pmiBtM di^ei^iiMrf hmrmn^ meaqf pnffm ^ Ht bcfn 
Identified and separated and/or recovered ftom a component of its natural e n v iioum cnt ^^wKtwifim 
co mp fl nenti of its natural envinmmem are nmerialg that umuiH intm f mvm w ith Ai^^mnttw Thfitpffflif ttirft for 
10 the tMoteia. and may incfatde enzymes, hormonea^ and mhgr pfft^^M*«»mt^ nftn^pnyreinacgmn »hitn In 
pRfietiedembodhnenis* die protein wiU be purified (I) to adegite suffi^^ 

tamdnai or intnal amnio acid sequence by use of a spinning cup setptenaion or (2) to homogeneity by SDS- 
PAGE under noii-feckicing or redttchigeoBdhions using Coom^ Isolated 
protem ntdudes pRnein in situ widdn rmmfrmanf cells, smce at least one g^g i p ^nmn of the VRP natorai 
15 environment win not be present (Minariiy, however, isotated proiem wiU b^ 

lltt c ntlally pure^ protein means a composMon c o mp risin g at leag 
based on total we^ofdie composition, prefenbly at least about 95% by wei^ * pf«*^wiy»y 
praoiBnieuacompoaidon eomprismg at UHtt about 99% by weight of pnitel^ 

20 CIWUMliUOtL 

An -tebtad" mieleteactdmolecufe bamad^ 
at kast one contanunam nndeie add molecute widi wfaidi it is onlb^^ 
VRP nucleic add. An Isolated VRPnuddc acid moieeuk is odwrdianm die fbnn or setd^ 
mnamre. Iwlated VRP nucleic add molecules dicreto are distinguish 

25 as it exists m natural ceils. However, an isolated VRP nueldc add molecule mdudes VRP nucleic acid 
molecales contained In ceils diat ordhurily express VRP where, (or example, die nucleic acid molecule is m a 
dttomosomai locatmn different from ttnt of nannal cells. 

The isolated VRP polypeptide. VRP nuddc add* or VRP antibot^ may be 
prabeporposea, using a labd as described and defined findierbdow hi diedise^^ 

30 The expressmn "control sequences" refen to DNA sequences necessary for die expression of an 

operably linked codmg sequence ma partfeular host organism. The control sequences diat are sdnblefiir 
prokaryotes, for example^ iachide a promoter* optionally an operator sequence, a ribosome bmdmg site, and 
possibly, odier as yet poorly understood sequences. Eukaryotic cdb are known to utilize promoters, 
poiyadenylation signals, and enhancen. 

35 Nudde acid is "operably linked* when it Is placed mto a functional relationship wrtii anodier nudeic 

acul sequence. For example. DNA for a presequence or secretory leader is operably linked to DNA for a 
polypeptide if it is expressed as a preprotein diat participates m die secretion of die polypeptide: a promoter or 
enhancer is operably linked to a coding sequence if it affects die transcription of die sequence: r a ribosome 
bmdingsiteis perablylmked to a coding sequence if it is positioned so as t ftcilitatetransUuim. Generally, 
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*opmbfty linked** means that the ONA sequences being linked m connsuous. and. in the case of a secretory 
leader* contiguous and in reading phase. However, enhancers do not have to be contiguous. Linking is 
accomplished by ligation at convenient r esi ric t io n sites. If such sites do not exist, die symhedc oligonucleotide 
adaptors or linkers are used in accordance with convemionai pi ac li ce . 
5 llie lens "Antibody" is used in the braadest sense and spect 

iittibodies ^ichidnig agonisi and aiitBgtnist 
yai fl c i i y . 

The tem 'Monoclonal antibody* as used heremrefos to an amibodyobtam^ 
nhsttatiaUy homogeneous amibodtea, £e. die tedividual antbodies comprisin g the population are idendcal 
10 cxcepttepo8aiblenaoiiattyH)GCUiring»uiatieiisibatmaybepr^^ Monockmai antibocBes 

are highly specific behig directed against a sbgle antigenic site. Funhennore, h» contrast to convemiooal 
(polyclonal) antfiMdy preparattons which typkally inehide dififerem am&o^ directed against diffeicm 
dewminanta(epitnpeaX eacfamonocfcnal antibody is directed agamstn single dctetminant on the antigen. 
Ihemono don a l a nt i b od i eahctemMdudelyfaridandiecoB^ 
IS iafiBbleOnGliidBighypenpaiiabfo)doniahiofanaal^ "humantaed" 
antibodiesX or a Hght chain with 8 heavy cfaah^ or a chahi fiom one apecM 

or fiiaioiis with heterologous proteins, regardlen of specns of origni or iiiiniiuioglobitiin class or subclass 
designation, as well as antibody fragments Fab. F(ab02» «itl FvX so long as ih^ exhibit die desiied 
biotogical activity. See. &^ U.S. Fat No. 4,glti^d7 and Mage and Lamoyi, m Monorionai Aittfliodv 

20 Production Tedmiones and AnpKiationg. pp.70>07 (Mafcel DAkgr Irn^r NewYotk. 19S7). 

Itaa, the modito *teonockmal" huBcaies d» chaiacter of die antibody as bem 
siteantiany homogeneous population of antibodies, and is ntt to be constiited as lequirhig p^ 
antibody fay any paitlwifairmei i n xi. For example* the monoclonal antibodies to be used in accordance with the 
present invention may be made by die fayfaridoma inediad first desctbed by Kohler an^ 

25 (1975),ormaybamadebyftGombinantDNAmedu3ds. U.S. Pat No. <8 16467. The "monoclonal antibodies" 
may also be isolated from phage iibiariesgenegiedusmg die techniques described m McCaflBay eroU, Mapgfc 
2^S2-554 (1990X for example. 

*T<umanized" fbnns of non«human [€.g. murine) antibodies are specific cUmeric hnmunogtobulfais, 
hnomnoglobttlm chams. or fingments thereof (such as Fv, Fab, Fab\ F(ab*)2 or odier antigen-bmduig 

30 snlwequencesofaiitibodte) which contafamfarimal sequence derived from non^nnm For 
die most pait humanized antibodies are human immunoglobulins (recipiem antibody) in which residues from 
a complementary determining region (QDR) of die recipient are replaced by residues from a CDR of a non- 
human species (donor annlKxSy) sudi as mouse, rat or raU)it havmg the desired specificity, afSnhy, and capady . 
In some instances, Fv framework region (FR) residues of the human immunoglobuim are replaced by 

35 corresponding tton^human residues. F ur t h ermore^ the humanized antfliody may comprise residues which are 
Itaundneidierm the recipiem aiitibody norm die impoited CDR or framework sequences. These modifications 
aremadetofiirtherrefineandoptimizeantibodyperfimnance. hi general* die humanized antibody will comprise 
substantially all of at least one. and typically two. variable domains, in which all or substantially all of die CDR 
regions correspond to those f a non-human hnmunogl bnlin and ail or substantially all of the FR regions are 
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these fa human tmmunogiobulm consensus sequence. The humanized antibody ptimally also will compme 
at lease a ponion of an immunoglohuiin consiam region (Fc), typically that of a human immunoglobulin. 

Ai used harrin, '^aicuiar c ndothc iial ceil growth faooc or *VECF/ re&n to a mammaiian growdi 
ftoor derived originaily fiom bovine pituitary fbOioilarceib having die ammo add sequence of 2 of WO 
5 90/13649, and has dm human amino add sequence of Fig. 10 of WO 90/13649. See also U.S. No. 
S,I94496^ which disdoaes bovine VEGF of 120 amian aciik HmnM VEQP <pf m minn ^ rvi h The 
biological activity of native VEGF ticMiahle of pmmiiiiig ^n^ ^^mnMk^^] tmr twt 

of bovine corneal endodteUal cdls» lens ephhelial cells, adrend cortex ceils. BHK-21 fibioMasa, or 

^0 ^<xpMsi<»*%BnnmafibctmgdievascufarendodxeU^ 

blood vesseb or heart, inchtding die vascufar network of organs, m whkh an anim^ 
mammal and most preferably a human, is subjected. Examples of such nanmaincfaide wounds, indsions^nd 
ttleefi, most preftnUydiabetieolGefs and wounds or taKemiions of the b^ Tiaumamdndes 
ceodidflna earned lyhtteradevema as weB as those diat are rnipft^ 

IS wUch can be hnpnivedlqf promotion ofvasadarendotfusUd cell gmwdL IlahoieftniodietrBamHaof 
woonds hi which neovasculariaation or re^ndodieiialiZBti^ 

"Rromodoa of vascular or lymph endodielid ceQ growdi" refers to md^ 
of vascular or lymph endothelial cdls, fnclitriiny human hmg migwwflcniiar i^t Aitf^>^^ | t>t^\ f 

*Disorden itlafied to vaacologenesis and angiogenesis" mdude easicer, ^■«fc*tf . hmmmm^nm^ mnA 
20 Kaposfssamma. 

"Diseases or disorders chancteciied by undesirable excessive ncovasen lariaathxi or vascular 
penncabiliy refer to diseases or disorders timt hicfaida, by w^ nf mmpim^ yiP^ ff ^fg rg^^ 
tanoB. ami especially solid malignant mmon, dienmamhi aithriti«, pMriaifet, fliii«mdgT "^^ ai^m^ m td fflfafr 
ledttopathies. retrolemai fibroplasia, age-ielated macular degeneratimu neovascular glaucoma, hemangiomas. 
35 thyroid hyperplasias Ondudmg Grave's disease), coined and odier tissue uansplamailan, and chronic 
tnSammatian. Exampks ofdlseaseso'disoniencharaaetizBd by undesirable excessive vascular peiineability 
mdude edema a ssoda ted whh brain mmors, ascites associated widi mdignandes. Mdgs* syndrome, lung 
mflammation, nephradc ^mdrorae, perfcardhl cfSision (such as diat aiioctated widi pericarditis), and pleural 
efibsion* 

30 'I'ysfeocdond states dmcttftali^ 

receptor mdudmg Flt4) refer to disorders or diseases d»t would be beneficially treated 1^ providmg to a 

mammd having such a padiologicd condidon an amagonist to VRP, such as a chimera of Fh4 or iis extracelhdar 

domain (eg:, an IgG fusion with Rt4) or an antibody to VRP. 

"Dysfenctiond states characterized by lack of activation or lack of mhibition of a recepwr for VRP* 
3 5 (such receptor inchiding Flt4) refer to disorders or diseases diat would be beneflcidly treated by providing VRP 

or a VRP receptor agonist to a mammd widi such a pathological condition. 

nireannent" refers to bodidierapeuticareamiem and prophylactic or p^ measures. Those in 

needof treaonem mdude diose already whh die disorder as well as diose pione to have die disorder or those in 

whidi the disorder is to be prevented. 
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"Mammal" for purposes of tmment refers to any animal classified as a tMHwtmi including humaas, 
domestic and fium animals, and 200. spons, or pel aaimais. such as d^^ Preferably, the 

mammal herein is human. 

"Ef&oive amoum" or *nherapeuticaily effective amount" of the VRP, VRP compositum, antibody, or 
5 aBtftodyconipositioQisanamoumthatiseffiM^ 

tfrnmattdcondilioa. For example, an cflBxtive amoum of VRP inefaidga that ammmr w^ frfc fn^p^mf^ ^ 
eahaaco the grawdi of vascular endothelium viw or to treat trauma, and an "eflbcttve amount* of VRP 
antibody fatdndca diat amoum which Is sufBejent tn wAmm ^mtmn^ i^ rf^tu- ^ angitygwi wgi 
n. Modes for Carrvwg Out thi> fa vimt^^ 

10 The pceseumvcntioon based «i the discovefy of a novel VRP which 

phosphorylatioQ o( die Flt4 receptor. 

Three approadies were undertaken ID identify protein tiiatwouW 
oflheFM receptor. First, die fulMengdi receptor was stably expressed in 293 celb to establ^ 
gmfaie kinase phosphoiyiaiiott assay of fM aetivadon. This assay was used to screen about 400 call 

S^^nd , the e x t r a cellul ar domain of the leceptui was ^nptwifil as a Ibshm protein with an 
imnnnoglobulmFcdomam. By usmgdilsitasionptoiemCFM/IgG) Id screen ceUrmeste^ 
l!gandsbyFA(:Sanalysis»oneposhiveceUUnewastdenti&^ The human glioma lme.G6U9ve about a 10- 
fthlshiftinpeakfiuorBcenceuitensiQrthatW8sspecificftrFh4^ Attempts to expression clone diis 

20 putathre memtane-faound Ugand by die transfedion of pools of cDNA clones into COS cells followed by 
sereenmgwhfa labeled Fh4yigG gave no poshivesfpom 640 po^ H^gGwasaiso 
used tp generate nolyclonal antisera and monoclnnal antihndieg that }^ st ^ i^ activity and that w«fe trnd 
10 devdop die Fit4 tyrosme phosphoryiadon assay as described m Example 5 beiow. 
llihd. candidate Ugand proteins were tested fiir dm* abi% 

25 phosphorylation assay. l^ledVEGF&lled to bmd to Flt4/IgG,aUhough die expected bhidmg of VE 

FItl/IgG or FDcl/IgG was routinely detected The Mure of VEGF to bmd or stimulate die phosphorylation of 
FMhasbeenfeportBdbyPajusola«fat,QniMai&2.«^P^ An addhional candidate llgandprotem was found 
by use of clonmg techniques, details of which are provided in Example 3 below. The human VRP cDNA 
sequence Is depicted m Figure lA-ID. The predicted molecularweight of die protein is 44.8 kOa. 

30 A description fonows as to how die biologically active human VRP may be prepared. 

I. Preparation of VRP 

Most of die discussion below penams » production of VRP by cuhuring celb innsfbn^ 
contaming VRP nucleic acid and recovering die polypeptide from die cdi cufaure. It is fimher envisioned diat 
die VRP of this invention may be produced by honuilogous recombuiation. as provided for ui WO 9l/0d667, 
35 published 16 Ms^ 1991. 

Briefly, diismediod involves transf rming primary human ceils containing a human VRP-encodinggene 
widi a oonsirtta(&e, vector) comprising an ampliflabie gene [such as dihydrof^ r dien 

discussed below] and at least one flankmg region fa iengdi of at least about 150 bp diat is homologous widi 
a DNA sequence at die locus of die c ding region fthe VRP gene to provide amplification fdie VRP gene. 
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The ampiiflable gtat must be at a site that does not interfere with expressicm of the VRP gene. The 
tmsfoimatioQ is conducted such that the construct becomes homoiogousty integrated into the genome of the 
prinaiy ceUs to define an ampiifiable region. 

Piiuuiy ceUs comprising the consnuctaio then selected for by means of tfaeamplifiabie gene or other 
S fffftw piM<— It m fiw^Hittwii^ The pfcsence of the inaiicer gene establishes the presence and tnt^ntion of the 
oommct Bio the host genome* No PirfLcr s e l ec tion of the pnraaty ceils need be made; smce s e l e cii o o will be 
mode m the secood hosL If dcsBodf the ooGunpEOfie of the howtol og ons reoombioatioQ evens cao be detenmi^Dd 
byeniipi0yfaigPCRandehherset|uencfaigtheresuMng araplMedPNAsecpiencesordetBnnfahigtheappfopriaiB 
lengdi of the PCR fiagment when DNA from coitect homologous uuegranis is present and expanding only those 
10 eeUscoDtaming such fragments: Also if desired, the selected cells may teaniplified at thnpomt by stresm 
the oells with the appropriate amplifying agent (such as methotrexate if the ampiiflable gene is DHFRX so that 
mohfple copies of the target gene are obtained, ftefei^ly, howewy the amplificftfion step is not condiif trri until 
ate the second transfimation described below. 

After the s c l cm i un step^ DNA ponioosof the genome* sufficiently large to inchide theemipe snipHfiaMe 
15 leghMit are fs o l a tBd from the selected prmuvy cells Secondary mammalian expression host cells are then 
' ^i^^^fif1mt^^**i1f11h1fT* c*^'?'"*** it**"'*?"? fTtdirtflnifiti twdtilftnitit arft niirBtrd ihatffffiifMn th^ m^pitiiahi^ 
icgioiL The ampllffable region is then amplified by means of an amplifying agent if not abeai^ amplified in the 
pfinnry cells. Rnally» the secondar y expressim host cells now comprising multiple copies of the ampllfiable 
f^jion containing VRP are ^own so as to express the gene and produce the protein. 

20 A. laolgtton of HMA Encodtny VRP 

The DNA encoding VRP may be obtained ftmn any cDNA library prepare d frtm tissne befieved to 
possess the VRP mRNA and to esqptess it at a detectable leveL Accord faigly , human VRP DNA can be 
eenvenientlyobtaiaed from a cDNAEbiary prepared from human brsm tissue, e.^ The VRP* 

encoding gene mxy also be obtained from a genomic library or by oligonucleotide synthesis. 
25 Libraries are screened whh probes (such as antibodies to the VRP or oligonucieotides of about 

hues) designed to identify die gene of interest or the protein encoded by it Screening the cDNA or genomic 
libiaiy widi the selected pn>be may be conducted using standard procedures as described m 10-12 of 

Sanhmek^nL Mofeeular Cloning! A Laboratmv Manual nsfew York: CoM Spring Harbor Laboratory Press, 
19S9). An altemaiive means to isolaie die gene encoding VRP Is to use PGR mediodotogy as described hi 
30 sectioii 14 of Sambrook «r oL, svpv. 

A prateed mcdiod of prscdcii^ thu invendon is to use carefitUy selected oligonucleotide sequenm 
to screen cDNA libraries from various hninan tissues, preferably bramceO lutes. The oUgonucleodde sequences 
selected as probes should be of sufficiem lengdi and sufficiently unambiguous diat &lse positives are minimized. 

The oligonucleotide must be labeled such that it can be detected upon hybridization to DNA in the 
35 library being screened. The pr e fe rre d medud of labeling is to use ^^P-labeied ATP widi polynucleotide kinase, 
as is well known m die art to radiolabei the oligonucleotide. However, other methods may be used to label die 
oUgonucleodde. mcluduig. but not limited tt>. biorinyhmon or enzyme labelmg. 

hi some p r e f erre d embodunents. the nucleic acid sequence includes die native VRP signal seqttence. 
Nucleic acid having all die protein coding sequence is btamed by screening selected cDNA or genomic libraries 
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using the deduced amino add sequence disclosed herein for the first time, and if necessary* using conventional 
pzsner extension procedures as described in secdon 7.79 of Sambrook et oL. supra, to detect p recunon and 
pneessing interaiedtates of mRNA that may not have been reverse-oanscrihed into eONA. 

Amino add sequence variams of VRP am piepaied fay innodudng qqnopriate " ^fim ijf giMmg ^ 
S tlmVIVC}NA,orivsynriiesbofthedesifedVIVpolypepdde. Such variants iepRsettinaetQons.snfastiOiiiaos. 
andfar driftmns ofc residuca widiin or at one or both of the ends of the mmn aeaA smt^pmitm tff itmiw ipf thq VRp 
bRpml. IMsnUy, these variants lepieseminsenm and/or substM 
the manse sequence, and/br mseidons. axbstittttions and/or ddetions 

signal sequence for VRP shown m Fig. L Any combinarion of msettkm, mhgtittiriiMi. ^4^^ A%i>rfan w mtdff 
10 to aiTive at die Old construct, provided that die find constraa possesses die d^^ 
definedheresL Tlicaminoaddchangesalsoniayalterpo$wiansfadondproccssesofd» 
diemnnfaerorposiihn of giycosyladon sites, dtering die membrai» anchoring chanaetisdcs* and/or ahmg 
the mtracdhhr location of die VRP by msening. deietmg, or othgrwita affeeting tha ffg^fflg; of thr 
VRP. 

15 Variathma in die native sequence as descrgied above can he made tiring fl^ 

gmddmes fbroonseivathreandnon^onaervadvenuaadaassetfeitt 

oUgwnicleotideHnediated (dte-dipected) mutagenesis. alaniae «eamiHig^ ml pct iHtit»|piff SeeabOpfiv 

example. Table I therein and die discussion sumnmdmg diis table Ar guidance on «^«»«^*fa«t amino adib to 

change, add, or delete* 
20 B. Insertion of Nucleic Actd mm g^Heahte 

Ite oudeic add (eg:, cDNA or genomic DNA) encodhig native or variam VRP is inserted mto a 

icpacabfevector«irtedierdonmg(ampiifiGadoaofdieZ>NA^ Manyveemrsaieavatiable. 

TbeveciDrGemponeatsgeneidtyhidude.butaremnlimitedto.oneormoreofdi^ asigadseqaeDee. 

an origm of repltcadon. one or more mazfcer genes, an enhancer eiemem; a pramoter, and a transcription 
25 lenninaiion sefpience. 

(i) Signal Semience Cnmnnttent 
Ihe VRPs of diis mvendon may be produced recombmandy not only duectiy, but also as a fiidon 
polypeptide whh a hemrologous polypeptide, which is pieferably a signd sequence or odwr polypeptide havmg 
aspedtfe ckav^ she at the N-lenninusofd»nianBeproidn or polypeptide In general die stgnd sequence 
30 nqrbeacomponemoftiievector^oritmaybeapanofdieVRPDNAdiatisinsefiedhiiote The 
hettiotogous signd sequence selected piefaably » one diat b lecogni^ 

peptidase) by die host cell For prokaryotic host cells diat do not recogdae and process die native VRP sipid 
sequence, the signd sequence is substinited by a prokaryotic signd sequence selected, for example, from die 
group of die dkatine phosphatase, penicillinase, ipp, or heat-stable enterotoxm II leaders. For yeast secretion 
35 die native dgnd sequence may be substinited by, eg;, die yeast invenase leader, dpha fector leader (including 
SpeehaFamyeesmdKluy)mmyces a-fector leaders, die latter described m U.S. Pat No. 5,010,182 issued 23 
April 1991 \ or acid phosphatase leader, the C albieans glucoamylase leader (EP 362, 179 published 4 April 
1990). ordie signd described m WO 90/13646 publidied IS N vember 1990. In mammalian cell expression 
die native signd sequence (eg., die VRP presequence dial nomiaily directs secreti n of VRP from human cdls 
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in vivo) is sadsiactoiy, altfaougb other mammaitan signal sequences may be suitable* such as signal se que nc e s 
fivsn otber animal VIU^ and signal sequences fit)m secreted pol^^ fthesamearrelaiedspedes.aiwell 
as vtraisecrttofy leaders, &r example, the herpes simplex gD signal 

The DN A for such precursor region is li gated in reading frame to ON A encoding die mamre VRP. 

5 00 Origin qf Rgplfrnion Compgnmi 

Boiii eNpiesssoo and doomg vecsois cootam n nucleic acid sequence tfaat enables vectorto repijcnte 
tfi ttie or mom lejccted host crils^ Oenenlly* in vec&ns this sequenoo is one dut Bnabtot tho vector to 
icpUote indepcndemly of tfao host cfaromoaomal DNA« and in c l u des origins of r^Bcatioii or amonoiuuusly 
reptteadng sequences. Such sequences are veUlouvwnfisr a variety ofb8Cteria,ye8Si; and viras^ Theorigin 
10 ofreplkasion from die piasmidpBIG22 a suitable for most Gf^^ 

ttitabte for yeast, and various viral origias (SV40, polyoma, adenovinis, VSV or BPV) are osefoi for cloosi^ 
vectors in mammsiian cells. Genemiiy, the ongpin of itplicanon component is not needed for mammaliaii 
expnssioQ voetors (dm SV40 origiB may typically be used only because it contain 

Moatexpnssion veetom are Tshnttle* vectors, £a« they are capable of replfcatian in at least one class 
X5 of fligsuisma but can be iraiwfttitBd into anodier oiganlsiu fbr fncpresiion. Forffvampfa^ avoctof iscloned ut£ 
oofi and than the sanrn vector Is transfocted iiitD yeast or mammalian cells for cx 
arable of replicating mdependendy of die host cell duomosome. 

DNA may also be amplified by inseition into die host genome. This is readily accomplished using 
AoefCto q>ecies as hosts, for example* by inchidhig m die vector a DN^ 
20 sequence found hi BadUus genomic DNA. Transfection of Bacillus widi diis vector results m homologous 
leoombhatioawidi die genome and insertion of VRP DNA. However, die recoveiy of genomic DNA encodhig 
VRP is more cimiplex dian diat of an cxogeaously replicated vector becsnse lesuicti o n enayme di gesti o n is 
icqoirtd to exdseihe VRP DNA. 

(iit) Sclgrton Ceng ComiOTCTt 

25 Expression and cloning vecton should contain a Mlecdon gene, also tetmed a selectable This 

gene encodes a protein necessaiy for the survival or growdi of transformed host celb grown m a sel^^ 
medhfflL Host cdhnttnansfoimedwidi die vector containing die selecdon gene will not survive m 
medhmt Typical sdecdon genes encode protemsdutt (a) confe resistance to antibiotiGS or od» 
ampidUm, neomycm* medumexate; or teoacycline, (b) complement auxotrophic deficienctes, or (c) supply 

30 oitiealnuarienisnm available from complex media, eg:, die gene encoding D-el^^ 

One example ofa selection scheme udlizBS a drag mairmtgrowdi of a host celL Those ceibdiat are 
successfolly transfoimed widi a heterologous gene produce a protein conferring drag resistance and thus survive 
die selection regimen. Examples of such dominant selgainn use the dniga nefwnyeiii (SonAem et aL, J. Molec. 
Apt>L Genet.- 1:327 [1982]), mycophenoiic acid (Mulligan et aL isiSLSS, 2Q2-1422 [1980]) or hygromycin. 

35 Sugden gifl£- Moi. Cell Biol. 5:410*413 flWl The three examples given above employ bacterial genes under 
eukaiymic control to convey resistance to the appropriate drag G41S or neomycin (goiettcin), xgpi 
(mycophenoiic acid), or hygromycin, respectively. 

Anodier example of suitabi selectable markers f r mammalian cells are those diat enabl the 
identification of cells competent t tak up the VRP nucleic acid, such as OHFR or thymidine kinase. The 
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T*™"**"" cell sansfannanB are placed under selection piessum dm only the truufonmns are uniquely 
adapted to survive by virtue of having taken up die marker. Selection pressure is imposed by culniring die 
transformams under conditions in which die concennation of selection zgcot in the medium is successively 
changed dierefay leading to amplification of both the selecnon gene and the DNA diat encodes VRP. 
S Anpli&ation is the process by which genes in grsaierdenund fer the production of a pn^ 

are fcuerated in tandem wiihm the cfaremosomes of successive generations of recombinant ccHs> Increased 
i|uaniitics of VRP are synthesiBBd fiom the amplified DNA. Other examples of ampfiiUilo genes inchBie 
tnettllotiiioneiii*! and *II» pre fe rab l y pmnaie mctaWothioncin genes^ adenosine dcnunase* ornithine 
deearbfliylsse* 0Cm 

10 Forexample,celbiniisfbimedwidi die DHFRaelectioo gene are 

UM i sfiwHiimo in a caitnre medhmi dm contams raetfaoorexate (Mtx)» a competitive amagonist of DHFIL An 
appropriate host cell when wild-type DHFR is employed is die Ounese hamster ovary (CHO) cell Ihie deficient 
m DHFR acdvity^ prepared and propagated as described by Uriaub and Chasin, Pree. NatL Acad. Sci. USA. 
ZZ;4216(1980X lliettanslbimed cells are dien exposed to mereasedleveis of mediotrexate. This lends to the 

X5 lynrtiftiii of multiple cofMes of the Dhfiigenc; and* concnmiiamly» midtiple copies of other DNA cumpusipg 
die expression vectors»sttdi as die DNA eaoodnig VRP, lUsampttficadonteefaniqiie can be used with a^y 
ed ten rfaesnitablehostfegf ATCCNaCXX61 CH04Cl, notwldutandmgthe presence of endogenous DHFR 
tec9ample» a mmant DHFR gene diat is higUy resistant to Mtx is employed (EP t n 

Ahemativeiy, host ceils (jpaitieQlariy wild-type hosts that contam endogenous DHFR] transtemed or 

30 co-nansfmmed widi DNA sequeact s encoding VRP« wild-type DHFR protein, and anodter selectable maricer 
socfa as aminoglycoside 3 -phosphooansfersse { APH) can be selected by cell growth in medhnn containing a 
m l ectinn agent fiir the select able maifcer such as an aminoglycosidlc antibiotic* A.g^ kananyciiu neomyciii* or 
G41S. See US. Patent No. 4^5499. 

A soitable selection gene for use in yeast is die apl gene presem m die yeast plasmid YRp7. 

35 SthKhoomb et at, Jimi& 2SZ:39 (1 979); Kiagsman ei oL^ fisasi2:14l (1979); Tschemper €t aL^ CsDC iA:157 
(1980). The trpi gene provides a selection maricer for a mutam strain of yeast lacking the ability to grow in 
tryptophan, for example; ATCCNa 44076 or PEP4-1. Jones, CfiDdiS»U; 1^(1977). The presence of the 
lesion m the yeast host cell genome then provides an effective environmem for detecting iransformadon by 
gniwdi hi the absence of tryptophan, Shnilarly* I^i^-deficiem yeast strams (ATCC 20,d22 or 38,626) are 

30 complenieniBd fay known plasmtds bearmg the La^ gene* 

In addition, vecBors derived from the 1^ |im circular plasnddpKDl can be used ferttansfbimatiott of 
Ktuywomyces ytasa, Bianchierai,CuaJSfilUILti2:lS5(19S7). More recently, an expression system for 
large-scale producdonofrecombnamealfchymosin was reported for ilikic^ Van den Berg, fiii^IjCShDSZiSS^ 
2:135 (1 990). Stable multi-copy expression vecton for secretion of mature recombinant human serum albumin 

35 by indusoial strains of ^iQA^oimm have also been disclosed. Fleer et aL. BioA'echnologv. 9'.968«975 (19911. 

(iv) Rremotgr Component 

Expression and cloning vectors usually contain a promoter diat is recognized by die host organism and 
is operably linked to the VRP nucleic acid. Promoters are untranslated sequences located upsneam (5*) to th 
start codon of a stnicturai gene (generally within about 100 to 1000 bp) that control die transcripdon and 
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tnosiatiofi f pamcuiar nucidc acid secitiaxce. such as the VRP nudeic add sequence, to which they are 
qsenblylinlced. Such prom ten typtediyfaU into two classes, tndudblc and consdimi^ iodudbiepromotexs 
an pfomottR that initiate increased levels of transcription from DNA under their cmnrol ni response to some 
chMig c in cttUute co nditio ns* fe^t the presence or absence of a nuBiem or a chango in tem pciamr e* Attbistime 
S aiaicenunberofpiQmotmfeoogniaBdbyavafktyofpocemiaiiiosccdbaiewM These pramocen 
are opembisr linked to VRP-encoding DNA by removing die promoier frnn die source DNA by nsffiction 
ea^fmedigcsttoaand Mseitingthe is oi at i cd promoter s e que n ce into the vector. Both the native VRP promoier 
sequence and many heteroiogous promoten may be used to direct amplificatitm and/or expression of the VRP 
DNA* However* heterologous promoten are preferred* as they gcncmlty pcnnit gi *flfT fi aiiHii n?ti*?f* and h^bar 

XO yi^ofVRP as comfared to die native VRP promoter. 

Promoters suitabte tor use with prokaryotic hosts incliide the ^lactamase and lactose promoier systems 
(Chang er dL, Hatmb ZUb6lS (197SI; Goeddd cr UaOEb 221^44 [I979]X aUalme pho y ham se, a 
tiypiDptaan (tip) promoter system (Coeddel, Mucteic Ari^h Wn^ jg[;40S7 [19MK EP 36,77«X nd fayWd 
promoters sndiasdietaepromoier. deBQeftfirf,Pme.Nati. Aeri M iisa mgUT^noati However^mher 

XS known bacterial promoten are suitable. Thevnodeodde sequences have been published, dteiebycnabimgn 
skilled worker opetably 10 Ugate diem to DNA encodmg VRP (Stebenlttt er dL« CsSL 20269 [19S0D using 
linkers or adaptors to supply any required restricdon sites. Pr omoten for use in bacterial systems also will 
comam a Shine-Oalgamo (SJ3.) sequence openbly linked 10 die DNA enoodbg VRP. 

Pl oin o te r se q u en c es are known fereukaiyoies. ^^rtinUy^eiiiGaryoiicgaiteslinveanAT'richicgkm 

20 toGaiBdappraxhnaiely2StD30basesiq»trBam&omdiestewhereom^ Anodiersequence 
ftmid 70 to SO bases upsaeara fiom die stare of annacripdon of many genes ^ 

beanynudeotye. At the 3* end ofmosteukaiyode genes is anTW^TAAA sequence dut may be the s%nalfiir 
addition ofdie poly A taU to die 7 end ofdiecodhig sequence. All ofthcse sequences a» suitably InsenedhitD 
ctikaryotic expression vectors. 

25 Examples of suitable promoting sequences for use whb yeast hosts include the pr o mu t ers for 3- 

nhdanhogivceiaie kinase CHhrmm^ftaL. J. Binr Chgwi.. 355:2073 [1980]) or odierglycoiytie enzymes (Hcss 
4t oL, J. AdY, Erovmg Rgg, 2:149 (19681; Holland, Biochemiflrv. |2;4900 [197S])» snch as enoiase, 
g|yc eral d eh ydeO*pi uwphatB dehj^dhoge n asfe hexoklnaie i pyruvate decarboaqiase; phosphoftuctokinase; glucose 
6"pbosphaie isomeiase* 3"phosphogiyceratB mutase, pyruvate kgiase» tr i ose p h oiphate isomeraset phosphoghicose 

30 Isomerme; and giucokinaae. 

Odier yeast promoters, which are inducible piom ote t s having die ackUtional advantage of aanscription 
controlled by growth conditions, are die promoter regions for alcohol dehydrogenase 2, isocytochrome C, add 
p h o sphat a se , dcgradative enzymes a sso ciate d widiniin^ metabolisnu mctaltoddonetn. giyceraldehyde>3«phos- 
phate dehydrogenase, and enzymes responsible for mahose and galactose utilization. SuitabJe vectors and 

35 promoters for use m yeast expression are fordier described in EP 73,657. Yeast enhancers also are 
advantageously used with yeast promoters. 

VRP transcription from vectors in mammalian host cells is controlled, f r example, by prom ters 
obtained from die genomes of viruses such as poly ma vims, f wipox virus (UK 2.21 1,504 published 5 July 
19S9). adenovirus (such as Adenovirus 2). b vine papilloma virus, avian sarc ma virus, cytomegalovirus* a 
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fesrovinis« hquntis-B virus and most preferably Simian Vtnis 40 (SV40X from heterol gous mammaiian 
promoters, e.g^ the actin promoter or an immunoglobulin promoter, from heat-shock promoters, and tirom the 
pranmiernonnaily assoeiaied widithe VRP sequence, provided such pro m oter s are compatible widi the host cell 
Qfsienis. 

5 Hie early and late pramoten of die SV40 virus are convenient^ obained as an SV40 resoicdon 

fta^nemdiatalao contains die SV40 viral origin of fcpticanon. Fters«raiU2iatiaSt2Z2;n3 (1978): Mulligan 
and Berg. Sfiifinfifi.2Q2:1422-1427 (1980); Paviald«^/i^ P«e, Nutl A«d- USA. 78>T108,74IH (1981). 

The immfdiaiB cariv promoter of the human cymmei^alovinta iagtwiventenriy nfatMned as. a HUP^^^ ^ remetMin 

fia^acnt (jreenawayerdl,figi&Ifi*J55-3«0(1982X A sysnm for expressing DNA in mammalian boss using 
10 die bovine papilloma virus as a vector is disdoKd in U^Fsiem No. 4^419,4^ A modification of dils system 
Is described hi U^. Patent No. 4,601^ See also Gray cr oL, l^mSL 222:303-508 (1982) on expressing 
cDNAaModmghnnnmeinterieron in nuxikey cells; (1982) on expression of 

hnman P^nterftrtmcDNAinnioiiseoelbiindertiieoQiiiiidofadiyinidinek^ 

vimgCamant andHenr. Proe Matt A«rf. Sei USA T^^\^^im^\Q99}^.>,.^i^m^^^ih^ lmm«i mturfemH 
15 81 gene in cutencd mouse and rabbit ceils: and GanHflnMrfl^ l^^ Nari. Aead. Sri tiSA. 79;fi777-CTl (1982) 
oa cxpiessioB of bacserial CAT seqaenees in CV* 1 nomkey kidney ee^ 
bamster ovary ceils, HeU cells, and aioosa Nm-3T3 cdh using die lUius saieo^ 
asapmoier. 

(V) Enhancer Element Cmrniongnt 

20 'nanscripdon of aDNA encodmgdie VRP of dus invendon by higher eukatyoies is often mcreased by 

inseitingaa enhancer sequence into die vector. Ehhaneecs ate ds-acimg elements ofDNA, usually about fimn 
10 to 300 bp, that act on a promoter to mcrease its tianscr^Kion. Enhaneers are relatively orientadon and 
oosidon uidenendenLhavmg been found 3* fLamiina^ii^- ftoe. NatL Acad. Sci. USA. n^SQH fioein and 3* 
(Lusky et aL, MoL Cell Bio.. 2.: 1 108 {1983]) to die transcripdon unit» widua an mtron (Banerp cf dl, CfilL 

25 22:729 [1983]X as well as widiin die coding sequence itsel£ Osborne et dL, Mo! Celt Bio.. i:1293 (1984). 
Many enhancer sequences are now known from mammalian genes (globtn, fiamff, albumin, a-fietoprotein, and 
faisulm). Typically, however, one wtU use an enhancer fiomaeukBryottcceUvn^ Examples indude die SV40 
enhancer on the late side of die replication origin (bp 100>270), die cytomegalovirus early promoter odiancer, 
the poiyoma enhancer on die hne side ofdie replication origitt, and adenovirtts enhance See also Yaniv, 

30 IlaBI&2SI*17M8 (1982) on enhanco^ dements for acdvadon of eukai^^ The enhancer may be 

spficed mto die vector at a posidoa 5" or 3' to die VRP<<ncodhig sequence, but is preferab^ h^ 
fiem the promoter. 

(vO TranscriHtion Tenninarinn Cflinnmiwit 
Expression vectors used in eukaryotic host cells (ycasL ftmgi, insect, phuit animal human, or nucleated 

35 cells from odier muldceilular organisms) will also contain sequences necessary for die termination of 
transcripdon and fbr stabilizing die mRNA. Such sequences are commonly available from die 5' and, 
oceastonaily 3', untranslated regions of eukaryonc or viral DNAs or cDNAs. These regions contain nucleodde 
segments tianscrAed as polyadenylated fragments in die antranslated ponion of the mRNA encoding VRP. 
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(viO Consmicrtgn and Analysts of Ytmn 

Coflstnictxon f suitable veoors comaining one or more of the above-listed components empitiys 
standant ligation tedmiques. Isolated piasmids or DNAfiagmemsafedeaved. tailored, and re-ligaied in tiie 
fixD desired to geaefat e the plasmids iccfuired. 
5 ForaBdysistDconfiimcoiieccsequeacamplasnudsconsiiuctBd.theUgac^ 

tnnsfimn £ cofi KI2 strsin 294 (ATCC 3U446) and successfiil tnmsfonnams seiectBd by ampidOin or 
teaaqfdine wrisance whew ap p r upiiaiB , PlaanldsfiomtiietrBisfoimants are prepared analyst 

digenion, aad^or sccjoeBGed by the mediod of Ntamg tt < Ntietetc Ariifa tt^ 2-j09 (1 98 1 ) 
or by the medwd of Maxam cr oil, MctheA in gm^ninyY ^^499 (198O). 
10 rviin T^amtgnt gmrMamt Vgetm^ 

Paniealariy useftU in the practice of this invention are expiesm 
opresssoa in mammalian ceib of DNA encoding VRP. In general, transient expression involves die use of an 
expressiott vcctiv dot is abte to repUcate effidendy in a host cell such dutt die ho^ 
eopies of die expressaon vector and. in tniB» ayndiesizBs high le^ 
15 expresuon vector. SamfarookeroL^ pp. 16.17* ld22. Ttansiett expression 9aiema.cmBpibnig a 
siiiiible expression vector and a host cell allow ftr die comreaiM 

encoded by doned DNAs, as wdl as for die rapid screening of such pofypepddes for desired btoiogical or 
physiological preperdes. Tlnis, transient expression ^sterns are paiticalariyosBfidtadiea^ 
of tdeadQring analogs and variarus of VRP dm are biologically acdve VRP. 
20 Suitable Exernnlarv Vwtriwate TgH Vin^ 

Odur mediods, vectors, and host celk suitable for adaptation to die s^ 
veitriaatBceUcuhurearedeacraedmGedimgefflL Natme.293! fflQ^r^^^ 

46(1979);EP 117,060; and EP I ITJISS. A paniculariy usefolpbsmid for mammalian cell cuhure expression 
of VRP is pRK5 (EP 307^47) or pSVI6B. WO 9liOS291 published 13 June 1991. 

25 C Selection and Transformgtimi r^nt 

SuitBble hott cells for cloning or expressing die DNA in die vectors herem are die prokaryote. yeast, 
or hitter eukaryote cells described above. Suitable prokaryotes for this purpose mdudeeubacteria. such as 
GramHiegadve or Gram-positive organisms, for example, Eatenbacteriaceae such as Esehgriehia, e.g,^L eolU 
Enlentaasr,Brmma,KkbMla^ 

30 «i»ascnns;andj»gedlEi;asweUtt 

disclosedinDD266,710publUied 12 April l989Xi'sewA^^ One 
preferred £ eoii donmg host is E eoii 294 (ATCC 3 1 ,446), aldumgh odier soams such as £ cott B. £ eoti 
X1776 (ATCC 3 1,537), and £ coli W3 1 10 (ATCC 27,325) are suitable. These examples are illustrative radier 
dumliminng. Strain W3 110 is a particuiariy preferred host or parem host because it is a common host 

35 recombinant DNA produafermentanons. Preferably, thehostcellshouIdsecreteminimalamountsofproTeolydc 
enzjnnes. For example, strain W3 1 10 may be modified to effect a genetic mutation in the genes encoding 
protems. whh examples of such hosts mciuduig £ co/r W3 1 10 stram 27C7. The c mplete genotype of 27C7 
iMionAApT3phaAAEISA(argF^)i69onvTddegP4Ikaif. Strain 27C7 was deposhed on 30 Ocmber 1991 
in die American Type Culoire Collection as ATCC N .55^44. Altemadvely, die s&ainof£co/i having muiam 
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pehplasmic protease disclosed in VS, Patent No. 4.946.783 issued 7 August 1990 may be employed. 
Allenuatveiy stilL methods of cloning, &g:« PCR or other nucleic acid polymerase reactions, are suitable. 

inaddUon 10 prokaryoies, eukaiyotic microbes such as filamentous fungi or yeast ate suitable cloning 
or expression hcBts for VRP-escoding vectors. ^Saee Afl m wy mflgpiewMitM^flf et^i^ 
5 cnmmmiiy naed among lower eukaf ynrie hntt mieHirw gwwtf»^ . Hnwiyiff , a n um bff ftf flthCT ggfwra. spmes, and 
simiiis are comnraniy available and useful herein, such as 
l!lllB&22fl;140[1981];EP I39J83 puUishedZMay 19S5); A9aim»9mhostt(U^ 
Ffcer erat,«5pm) such as. /: laco»[MWMC. CBS683, CBS4S74: Louveacooitei^ JLBafiSfid&L 737 
(I9t3)l, IC fragiUs (ATCC \X424\ IL huigariott (ATCC K, wiekmrnU (ATCC 24,178). JL waM 

10 (ATCC 56J0OXX dmophUanm (ATCC 36,906; Van den Berg er dL, it^), JC, Omrmatoimns, and £ 
flWSiaw;>Bww«d(EP402^ 

27S C WSSft GmdUor Triehodenna reaia (EP 244 J34); Nettmpora craaa (Case <r oi, PrecNatt. AcaiLSd. 

USA* 2fi:S2S9*S263 [I979D; &AMBnRlO09«ef such as Schimmiomyets oeeidrnttata (EP 39443S published 

3iqcti>b<rl990);and flhmnmwi fimgi 
15 puhBafaad 10 Jamary 19911 and^toengito hosa such as A jigAitoii rBaftaneii^ ^ B}iirii«ii Binnhvn 

CQaiimiD»I12;284.2g9[l9S3];T^^ ri9«31; Yrftmt Pwe. N«rt. Ai=«L Srf. 

II8^11;147a»l474 [1984D and A i^ger Kelly and Hynes, EMBOJ.. ^475-479 (1985). 
Suitable host cells for the expression of glycosylated VRP are derived from m^^ 

Such host cells are capable of complex processing and glycosyhuioa acdvities. In principle, any higher 
20 eukaiyotic ceflcuhure is woricable;whedier from vertebrate or imfeneb^ Examples of invertebrate 

ceOamdude phot and biseet cells. Numerous bacalovfial strama and variants and corapon dmg permissive 

maeet host cells fiom hosts such as Spodt^^ jrugipenbi (eateipillarX Amks aegypii (moscpiitoX Aeda 

altepietu9{mMqpdw%Dfas^ See,eg:, 

UtduMW^aL. Bton'edmnloyv (1988); Miller efol, in Gcnetie gngitiggriny, Sgrimii eds^ VoL 

25 8 (Plenum Publishing, 1986). pp. 277-279; and Maeda er dL, Namre, 21i:592-594 (1985). A variety of viral 

strains for transfection are pobUcly avatbble. e*, die L-l variam ofAutographa ad^amica NPV and the Bm-5 

simin of Sofii6>(r monNPV, and such vintses may be 

paiticulariy fortransfecdon otSpodi^pimJhigiperda cells. 

PlamceUculniresofcotton, coin, potato, soybean, petunia, tomato, and tobacco can be ud^ 
30 Typically, plant cells are tnnsfected by incabadon widi cenam stnuis of die bactermm Agfvbaamium 

iumtfaekns, which has been previously maropuhued m contain die VRP-encodmg DNA. During mcubadon of 

die plant ceU culnire widi A. tumrfaeiens. die DNA encodmg die VRP Is tiansfenred to die plant call host such 

that it is transfected, and wilL under appropriate condidons, expre ss the VRP-encodmg DNA. In addition. 

regulatoiy and signal sequences compadbie widi plant cells are available, such as die nopalinc synthase promoter 
35 and polyadenyladon signal sequences. Depicker et al., J. Mol. Anni r.<>n i:56l (1982). in addition. DNA 

segments isolated from the upstream region of the T-DNA 780 gene are capable f activating or increasing 

transcripdon levels of plant-expressible genes in recombmant DNA-coniatnmg plant tissue. EP 321J96 

published 21 June 1989. 
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However, incerest has been gxeaiest in venebrate cells, and propaganon of vertebrate cells in cuinire 
(Ihueculon) has become a routine procedure; See, g.g.. Tissue Cultope. Acadgmtc Prea. ICnm and Pangrmn, 
edittis(1973). Examples ofusefiilnammaltan host ceU lines are monkey ItnetraiisfinnedbySV40 
(OOS-7, ATCC CRL 1651); human embryonic kidney iine(293 or 293 ceils snbdoned fin-growdi in suspension 
S cniaiieL Graham #fii^. J. Gen VlmL 3^49 rTOTTp? hahy h«fi«fiir irirf»iy rmi^m fRHif ATrr m in>> rhi^ 
hamster ovary cellaM3HFR (CHO, Uriaiib and Chasm. PrecNari. Acad. s« fiSA. 22:4216 [1980]); mouse 
semH ceils rrM4, Matfa^, Biol. Repfud.. 22;243-251 [1980]); monkey kidney ceils (CVl ATCC CCL 70); 
Aftkan green mmskey kidney ceils (VERO-76, ATCC CRL-1587); human cervical catdnoma cells (HELA, 
ATCC CO* 2); canine kidney cells (MDCK, ATCC CCL34);bufi6loratliverce«s(BRL3A,ATCCCRL 

10 1442);hnmanhmgceib(Wl38.ATCCCCL75);hunian]iverceib(HepG2,ra 

(MMFOdOSdi ATCC CCL51X TW cells rMather ei^. Annah N V A«d S« iffi.Aiwsa (1982D; MRC5 
calls; FS4 ceUs; and a human hepanma line (Hep G2). 

Host cells are t wmff< ' .«f(i and preferafaiy transformed with the above^ d e sc r ib ed expression or cloning 
voena ftr VRP pcodnetion and oihmed m conventioad nutrte 

IS piouioiua,adectingtraasfbfinaats, or amplifying the genn 

Ttanifiecrinnreto to the takmg op ofan expression vector by a hosted 
mpiences are in fact eaipressed. Numertsos methods oftzansfixtion are known to the ordinarily ddUed artisan, 
&r example, CaP04 and electiopoiation. Sucoessau transfection Is generally recognised when any hidlGation 
oftfaeopcratkmofthis vector ocean widun die host ceiL 

30 THmsfarmationtneansBitroducmgDNAmto an organism so that the DNA 

einaiJiumM MtMnal mimtnt «r hy rfiytyfTtay m a l Intffgrmr Dcpendhig 00 the host CeU uscd. transformation is 
dene osfaig.sEBudaiii iedmii{UBs approprte to such cells. The calcsomiieamientemploynigcalehmi chloride, 
as desoftedm section 1.82 of Sambrook et aL^ jupra^ or el ecuupoiaii on is generally osed fcrprokaiyotes or 
odier cells that contain subsiamxalceU*wail barriers, bifection widi >lgroAaei&ncai 

25 tFBnsformation of certain plam ceils, as described by Shaw er dL, Genei 21:3 15 (1983) and WO 89/05859 
pnhBdied 29 June 1989. hi addition, plants be ttansfectedusmguhrasoundtreaaneat as d 
91/00358 published 10 Jamiaty 1991. 

Formammalian cells widiout such cell walls, die caldum phosphate prectphatioa method of Graham 
and van derEb,XU3Qh28X» 22:456-457 (1978) is preferred. Generalaspedsof mammalian cell host system 

30 t r snf fmnmi o nf have been described m MS. Pat No. 4 J99Jtl6 issued 16 August 1983. Tnnsftimationsmto 
yeast are Qfpically carried out accordmg to die mediod of Van Solingeo er dL. UacL m946 (1 977) and Hsiao 
erot^BacJiaiL AwiL Scl. fUSA),2fi:3829 (1979). However, other methods for mtroducing DNA into cells, 
such as by nuclear microinjectkHu electroporation, bacterial protoplast fusion with intact cells, or poiycations, 
poiybrene, polyomithme, eic, m^ also be used. For various tedmiqucs for transforming mammalian cells, 

35 seeKeownef flL Methods m Enzvmologv (1990) and Mansour erail, Natmg. 22fi:348052 (1988). 

D. Culniringthe HostCgns 

Prokaryode ceils used to produce the VRP polypeptide of this invend n are culnired m suhable media 
as described generally In Sambraok er o£. supra. 
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ne manmalian host celh ased to pnKioce the VRP of di^ 
media. Conmseiciallyav8iiabIemediasuchasHam'sF10(Si 

RPMI-1640 (SigmaX and Oulbecco's Modified Eagle's Medium ([DMEM], Sigma) are suhabie for cohnzing the 

hotfceUs. In addittQft. anv of riia medifl demfaed in Ham and Waibcg- Mgfh Fng.. 58:44 f 19791 Bamcg and 
5 SaifL Anal. Btnehan. 103^ 5 (1980). Pu. Nos. 4.757,704; 4.657^66; 4^J62; 4J6a655: or 5.122,469; 
WD9(MI3430; WO 87^00195: or U^ItettKe.30JS5 nay be ^ Any 
of tfacac media tiiay be aupp teiue i nwl aa nec c itM iy whfa huimuuca andfaf other giuwih ftflon (auch as wsttih i 
nansfimiv or epidcmial gvowdi ftctorX aahs (such asaodfam chloride* calcium» itiii^HwAiUiiV and phosp haieX 
bufleis (such as HEFESX mctaonto (aoch as adrnoiine aod thyniiduioX aolibiotics (such as Gencnoycm'^^^ 

XO dnigX trace etapcots (defloed as hmgamc conipoiiiidi taaally pitacnt at fiaal cootcuuaUuus m the mtcroinoiar 
laogeX and ghicose or an eqmvaleat energy soQtoe. Any odiernecessary supplements may also be inchided at 
annopriaie eoncentntfions diat wotdd be imowa ID diose The culnne conditions, soch as 

tempennnc; pH, and the Iflce; are diose previousiy nsed widi die ^ 
appsrent to die ordnarOy skOtad afdsan* 

15 general* prind|iiea» pmocols. and pneticai techniques ior maximiaMig die producdviiy of 

anannidianceflcntows can be found mMto^ aPnrfal APPIWBhiM,BntlBr,ed, 

(DtLPftss, 1991X 

The host ceibrefeired torn dm disclosnrecncompa^ 
ahoatanimaL 

30 E Detecting Gctc AfnplfficatiOT^BBffcaiBa 

Oe&e amplificatiott and/br expression may be measmcd in a sample direct^, for examploi by 

gflitugiilnwial gmrthawi hlaitting^ Miiiliiem hltii>tmgiii«yiMiiitate<li»iffwiM,f?|iliiMttfif niBMA fllMiiiigg. fffffi N**^ 

Aead M tiSA 2Z;5201-5205 [1980]). dot Moidng (DNA analysis), or oi aim hybricUzatioa. iiaittg aa 
appwpiiaie iy labeled probe, based on the seq u enc e s provided herein. Various labeia may be employed most 

25 commonly radioisotopes, pardcuiarfy^^P. However* odier techniques may also be employed such as osmg 
biodn^nodificd nucleotides for introductmoinm a polynucleotide. The biotia then serves as die site for btndmg 
m avidhi or amihndie<. which may be bbeied widi a wide variety of labels, such as radionuclides, fluorescers. 
CBQfneSiOrthelilcet Aheroativelyt anifoodles my be eraptoyed that can r e c ogniae specific d up l^ indudmg 
DIU duplexes.!^ duplexes, and DNA-RNA hybrid duplexes or DNA*^^ Theantibodiesm 

30 turn nay be labeled and dm assay may be earned out where dw duplex is bound to a sui^^ 

fomndon of duplex on the surfoce, the presence of andbody bound to die duplex can be detected 

Gene expression, a]teniativeiy» may be measured by immunological mcdiods, such as 
fflttttumdustDdiemicai staudng of tissue sections and assay of cell culnire or body fluids, u> qnantitate directly 
the expression of gene product Wldi unmunohistocfaemical siainuig techniques, a cell sample is prepared 

35 ^picaOy by dehydration and fixation, followed by reaction whh labeled antibodies specific fbrdw gene product 
coupled where the labels are usually visually detectable, such as enzymatic labels, fhiorescent hibels, 
luminescent tabeb, and die like. A panicuiariy sensitive staining technique suitable for use in die present 
invention is described by Hsu er a/.. Am J. dm. Parti„ 22:734.738 (1980). 
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Antibodies useful for immunohiscochemical staining and/or assay of sample fluids may be etiber 
mom)doxiai orpolyclonaL and may be prepared in any mammaL Conveniemty, the anobodies may be prepared 
against a nanve VRP poiypeptide or against a syndietic pepddic based on the ONA sequences provided heiem 
as described fintfaer in Section 4 beiow. 

5 P. PnrifieatMMi of VRP IV^Ivpgpride 

VRP prefaabiy is recovered fiom die culoire medium as a secreted poiypepdife* although k also may 
be leeovered ftom host ceQ lysates when Greedy pniduced 
boud. it can be released from die membrane using a snitabte detefgem soiutioB (^^ 
When VRP is produced in a recombinam cett cttfaer dm one of human origin 
10 fieeofpmteinsorpoiypeptides of human origin. However* it is necessary to purify VRP fiomreeorabinant cell 
pniteitts or polypeptides to obtain preparadoasdiat are subsomiallyhomogq^ Asafimssep. 
die aiiture medium or iysais a oenofifitged to remove paiiicnJa^ VRP thereafter is purified from 

; softibie proteins and poiypepddes. whh die ftllowmg procedures bemg exemphuy of sinttble 

15 chromaiogrqdiy on silica or on a cadon-exchange resm such as DEAE: cluutnaiofbcnshig; SDS-PAGE: 
I sulfitte precqiitaiiott; geifittration using* fiir example, SephadexG-75; and proteoi A Sepharose 
I toiemove cmiraminantt su^ as IgG. 
Intfae preferred embo d t weiU , die Flt4 r eceptoi ^IgG ftisioo is immobilized on an affinity chrnm i togi aphy 
ffrhimn and tiM VRP can be tsolated by affimty piarificatiott ***w*g thft y**|ffniT*- AlterDarivelyf the VRP is joined 
20 at its N-ienniims to a glycoprotein O setpience and is passed ihrou^ an affiniqf chromatography column on 
whidi is immobilized an ami-gD monocionai andfaody such as 5B6» which b spedfie tar a gfyeoprotem D 



VRP variants in which residues have been deleted, in^ned, or substituted are recovered In die same 
&shioQ as native VRP, taking account of any subsandal changes m properties occasioned 1^ For 
25 example, prqsaration of a VRP fiiston whh anodier protein or polypeptide, e,g.^ a bacterial or viral antigen, 
ftdlfrfflwpurificaticm; an irnmunoaffiniiy column connhm 

teion polypeptide. Immunoaifimty cohmms wcfa as a rabbit polyclonal anti-VRP cohimn can be emp joyed to 
absorb the .VRP variant by binding it to at least one remaining immime epitope. 

A imiease hdublior such as phenyl mediyl sulfimyl fluoride (PMSF) also m^ be asefiil to hdubit 

30 proiBolytkdegradatk»durittgpurificadon,andaatibiodcsmaybeBicl^^ 

coatunmants. One skilled in the art will appreciate that purification meiliods suitable for native VRP may 
require modiiRcation to account fix* changes m the character of VRP or its variants upon expression ui 
recombinant cell culture. 

G. Covatent Modifieariona of VRP Polypeptide 

3 5 Covalcnt modifications of VRP polypeptides are mduded widiin die scope of diis mvention. Both 

native VRP and amino acid sequence variants of the VRP may be covalently moctified. One type of covalem 
modificaiionofdie VRP is innoducedtmo die molecule by reacting targeted amm acid residues f die VRP 
whh an organic denvatizing agent that is capable of reacting with selected side chauis or the N- or C->{ermmal 
nesiduesofdieVRP. 
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Cystemyl itstdues znosi conunoniy are reacted with a*haioacetates (and conespondiag aminesX such 
as cfaloroacetic acid or chloroacetamide. to give carboxymethyl or carboxyamidomethyl derivatives. Cysteinyl 
residites also are deiivaxized by reaction with bromotrifluofoacgtone. a-broino>P-<5-imidozoyi)propiome add, 
cUofOBcesyi phosphate, N^alkyfanaleimtdes, 3-ttiizo*2-pyridyi disulfide, mediyl 2-pyridyl disulfide^ p- 
S ddoioiiieRiiribenxoate* 2<<hlofi)uiercuii-4-iiiiropfaenoi, or cfalon>*7HiiirabeiuD»2-OKai*l«3«diasiiie. 

HIsddyl rwiiditBS are derivaiized by reaction widi dlethy IpytocjirtMnain at pH 5«3*7.0 because dus agani 
is leiativeiyspceifiefiir the hiatidyi side chain. Pan-bromopheaacyihrantdealsoisusefiiblheieactiosis 
pnftnbiy pcrfbimed in 0. IM sodhim cacodyhue ai pH 6.0. 

Lysiny 1 and amino tenninal residues are reacted with succinic or other carixncyltc add anhydrides. 
10 DerivadzatiQnwhhdiese agents has die eitetofreversing the charge of the lysm^ Othersuitable 
reagents for derivatizing a*aniino<aataining residues include tmidoesten such as metiiyl picolnunudate, 
pyridootai phosphate, pyridoxai, chloroborohydride, trinitrobcnzencsiilfontc add» 0-mediylisouiea, 2»4* 
pentaiwriione» and ttansaminair*camly2ed reaction wid> glyoxylate. 

Arginyi residues are modified by r e a ct i o n with one or seven! conventioQal reagents, among tiien 
X5 pheuytg^footal, 2^"twitaneiHffBffi I ^^■^cyctftheyanf liionea and nmhyih!Oi» DerivaiizaiiQB of aigffliiie tesidoes 
nqnm tttt tii« vBKtioB be pefftiinad aador aikalte 

flnetional ffonpm Fuiiheuuoie; diese reagents may react with tiie gioups of lysiae as well as whh the argBuns 
cpsilos-ammo group. 

The spedfic modification of tyrosyl residues may be made, widi particuiar hnerest hi mmdudng 

20 spediailabefa into lyroyiresidties by reaction with aromatic diaaotnumc oiHp ou i^ Most 
caaunooly, N-acetyifanidizDie and tetranhnneriiatte are used to fbnn O-acetyi tyrosyl spedes and Sniitvo 
derivatives, respective V. I^nsyi residues are iodhiatedusmg or to prepare labetedprotemsfiir use 
in wdfalmraunoassay, the chloramine T method being stiitahle. 

CaAoxyi side groups (aspariyi or ghttamyO are selecdvely modified by reactiQn 1^ 

25 N-C-N-RO, where R and R' are difiisrea alkyi groups, such as l-cyclohexyl-3-(2-morpholinyI-4-ediyO 
carbodihnide l-ediyl-3K4-azonia-4,4-dunediylpentyl) carbodiimide. Furthermore, aspartyl and ghuamyi 
residues are converted to asparaginyl and glutammyl residues by reaction widi ammonium ions. 

Der i v atiiati on widi bifunctionai agents is useful for crossimking VRP to a water^msoluble support 
mairhe or siirfi«fi)r use hi dieniediodfbr purifying and-VRPandb^ Commonlyused 

30 amsttnkmg agents incfaide, ft^, 14-bis(dla2oacetyl)-2«*phenylediane, glutaralddiyde, N<4iydraxysuccmhmde 
esters, for example, esters whh 4*azidosalmy Uc add, homobtfbnciional hnldoesters, niehidhig disuoemhnidy I 
esten such as iJ^ihhiobisCsiic c f nimid y lp mp iuu ate), and bifbncdonal maleunides such as bIs-N-malcimido- 1,8- 
octane. Derivatizing agents such as methyl*3-[(p-azidophenyl)didiio]propioimidaxe yield photoactivatable 
mtermediates that are capable of fonning crosslinks in the presence of lighL Alternatively, reactive water- 

3 5 insohible maffices such as cyanogen bromide-activated carbohydrates and the reactive substrates described in 
VS. Patent Nos. 3.969J87; 3,691.016; 4,195,128; 4.247.642: 4.229,537; and 4J30,440 are employed for 
proiem immobilization. 
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GlutanuDyi and asparaginyi residues are firequently deamidated to the comspoBding giutamyl and 
aspanyl residues, respecnveiy. These residues are deamidated under neutral or basic conditions. Tlie 
dennidatffd fbnn of these residues &ils within die scope of this invention. 

Other modifications indnde hydroxyiatian of prolme and lysine, phosphoiylation of hydroxyi groups 
S of seiyl or tfai con y t f widufi > mctfaylation of the ci«amino groups of lysine> arginine, and histtdine side chains 

ITE-CiBigfatniLPinBteBM! Stmctmg md Motmltf Pwrnemea^ Picemen A Ca^ San ftm^ 

[19S3]X acoiylation of the hMenainal amiiw, and amidation of any 

Another type of covalent modification of die VRP poiypepdde mehtded whfam die scope of tUs 
invention comprises altering die native glycosytetion pattern of the polypeptide. By altering is meant deleting 

10 otie or oMare carbohydrate moieties found in native VRP, and/or adding one or ^ 
not present in the native VRP. 

Gtyoo^ylatioQofpotypeptidesisqrpicaliyeidxerN-JinkedarO-lm N-finlcedieftntodieanachmcnt 
ofthecarM^diaienioieqr to dm side Cham ofanaspaiagme residue. The tripeptide sequences asparagme-X- 
serioe and aipanguieOC-thnoamei wtieie X is any amino acU exo^pniine; atetheiecngnitton aeipienees ftr 

IS eummatic JiMi'hnient of the catbdhydiihb moiety to the aspaiagine sMe dttm> Thus; the pieseuce of eiiiier of 
. dmsettipcptidese qiicnrft in apolypcptide creates a potentiai glycosyiation site. O*lmkedgiycosyiationrefiss 
to the attachment of one of thesogata W^-accyignfaicttisanuncv galactose, or xylose to a hydrpxyiammo add, most 
commonly serine or dueonme. ahhough S-hydroxyprolme or 5-hydroxyiysine may also be used. 
Addithm of gtycosyfanion sites to the VRP polypqitide is coiivettiently accoo^ 

30 aiPinoacidse<{uencestichthatitconniinsoneormotooftheaboveKtescri 

glyeosytatiott sites). 1healleratioaiMyalsobemadebytheaddiriaaoCorstthstiintlonhy»ooeQri^ 
orthreonin6reshhiestothenadveVRPsequence(teO-lhitedgtycosylatioosto For ease» die VRP ammo 
Kid sequence is prefierably ahered diiough changes at the DNA level, paiticttlarty by mutating die ONA 
cnoodmg d» VRP polypeptide at preselected bases such diat codons are geneiated dsat wiU t 

25 desued amino acids. The D>Ununation(s)ns^ be made usmgmediads described above and mU^. Pat No. 
5364,934, n^M. 

Another means of moeasmg the number of carbohydivte moieties on the VRP polypeptide Is by 
c h e mical or entymatic coupling of gjycosides to the polypeptide. Theseproceduicsareadvantageoasinthattiiey 
do not requhe production of die polypqitide hi a host cdl diat has glycosylath^ 

30 glycosyiation. Dependhig on die coupling mode used, dm sugai(s)niay be attached to (a) aigi^ 

(b)tkeecarhoxyi groups, (c)fitesulfliydryl groups such as those of cysteine, (d) free hydroxy! groups such as 
those of serine, dueonlne, or hydroxyproline. (e) aromatic residues such as those of phenylalanme, tyrosine, or 
tryptophan, or (f) the amide group of giutamine. These methods are described in WO 87/05330 published i I 
September 1987, and m Aplm and Vriston, CRC Crit R gy. Biochen^ ^- pp. 259-306 ( 198 1). 

3S Removal of caibohydiate moieties present on die VRP polypeptide m^ be accomplished chemically 

or enzymaitcaily. Chemical deglycosybtion requires ^posure of die polypeptide to the compound 
trifinoromeduuiesttlfonic add, or an equivalent ccmipouruL This treannem results in the deavage of most or all 
sugars except the linking sugar (N*acetyightcosamine or N*acetyigalactosamine), while leaving die polypeptide 
mtact demical deglyeosylation is described by Halcimuddin, er a£. Arch. Rioehgm, Binphvs.. 222'52 (1987) 
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and by Edge «r oL^ Anal Rmehgm . JLLS:131 (1981). Enzymatic cleavage of c ai bu hydiate moieties on 
poiypepddes can be achieved by the use of a variety of cndo- and exo-glyc^ 
dL»M£dL£azmi3Li2S:350 (1987). 

Glycosylation as potentiai glycosyiation sites may be prevented by die use of the compound tunicamydn 
S «adeicrihedbvDuakmgffl£> J. Bml. n!em .^yT!3ios/iog2V Tunicamycin blocks the finmanon of prmehnN- 
glycoside Bnkagfls. 

Another qrpe of qwatcmmodflcaiioH of VRPcomittto 
ymkty of noopraieniaoeous poiymen, «g;, poiyed^ieae giycoL polypropylene gtycoL or poiyoxyali^ylenBa. m 
thoaanner set fbnh m US. Patent Nds. 4^835; 4,49^89; 4^01.144; 4,C70/»17; 4,791,192 or 4,179^37. 
10 Smce it botodiftoit ID piedictm advance die dia raft^ 

diat some screeamgofdie recovered varamt win be needed to select dteopdnulvari^ Adungemdie 
hnmumdognl cfaanoer of die VRP moieeole, such as affim^ 

byacompeddve-fypehnmnnoassay. The variant is assayed ftr changes m die suppression or enhancement of 
ha milogenie aaMiy by comparison to die activity obsaryed for nanve 
15 one can screen for die ability of diaviriamVRP to sdnudatBpfotehildn^ 

oMnoBii in Gaanipw 9 novoL vjoicr pwcnn ai m on i iiCiiiui B S or protem or poy pep t n i e imnjem ei sncn as feaoiK 
ortfaannai ataUBqf, iQ^dropiuibicstyt susccptibM ty to praceolytie d^ndaiioB, or iho taadaacy to aggragaos widi 
cankn or imomolthneri are assayed by mediodswdl known m die ait 

20 This hiventian encompasses chmiericpdypepridescompiisuigVRPfi^^ In 

OBapiefaiedend>odgnent,thecfamiericpolypeptkiecomprisesaii^^ 
provides an epitope ID which an aini4ag antaaody can sdecdvety bh^ 
amnio- or cacboxyl* tennmus of the VRP. Sndi ephopM^ged ftnns of dm VRP m 
tfaeraofcan be decectad using a labeled antibody againsc the tag polypeptide. Also^ pfov^ of the epitope tag 

25 enables die VRP to be readily purified by affinity purification usmg the anti-tag antibody. AfiRni^ purification 
tffc hnk |i ifs and diagnostic assays mvolving antfl)odies are described later herein. 

Tag polypeptides and dieir respective antibodies are well known m the an. Examples mciucte die fiu 
HA tig polypeptide and its antibody 12CA5 (Ftdd et oL^ MoLCgfl. HioL. S:2159-2Id5 [1988]); die c-myc tag 
and die 8F9, 3C7, dElO, G4, B7 and 9E10 antibodies diereto (Evan tfr ail, Motecular and Cdlular Biology. 

30 £3610^616 (198S]); and die HeipesShnpiex virus glycq»oieuiD(^ Paborskycra£„ 

Pnatein gngmeering, 3fifiVS47.«3 nOOOV Othgr iay pftlypyirf#« h^m h#«i Aminstmd Examples mclude die 
Flag-peptide (Hopp et aL^ BioTgchnolo^- fi: 1204-1210 (1988]); die KT3 epitope peptide (Maxtin d dL, 
Sctencei 22i:192»194 [1992]); an a-mbuiin ephope peptide (Skinner et aL^ 1. Bint. Oiem.. 2fi&:l^l^3«I5166 
[1991D; and die T7 gene 10 protein peptide tag. Lutz«Freyennmh et al., Proc. Natl. Acad. Sci. USA. 52:^393- 
35 6397 (1990). Once the tag polypeptide has been selected, an antibody diereto can be generated using the 
tedmitpies disclosed herein. 

The general methods suitable for the construction and production of epitope*tagged VRP are the same 
as those disclosed heremabov widi regard to (native or variant) VRP. VRP-tag polypeptide fiisi mt are most 
eonvenientiy constructed by fusing die cDNA sequence encoding die VRP portkm m-frame to die tag 



•23- 



WO97>0SM27 



PCTAJS9d/l4075 



polypqsisde DN A sequeace and cxpressBig the imitam ONA fiision cossma m aiipi D prim host cells. 

OidiparUy, when pfeiBiiRg the VRP4ag polypeptk^ 

the VRP wiU be fitsed at its 3' end to audek xid encoding the ^ 

ftisions ato also possible* 

5 Epttope^agged VRP can be convenienti/ purified by affinity chromatognphy using the anti-tag 

antibody. The maonx to which die affinity antibody is adached is most often agarose 
amiabk(&g^ controlled poie glass or poly(styftnedivhiyObenz^ IlieepitopoHagged VRPcanbeehned 
flam the afifauiy oohunn by vaiying die bofo pH IV hinic siien^ 

2. ThewagBrie Uwi. Camtionikm*. and AAm'wiaiiiitioti nf VRP 

aodfaf dUleieuttntion andfar atuvatiuo of cells having the Flt4 leeeptof or one ormofeotfaer VRP leceptoiSb 
Exogenous VRP may be admmisteied to a patiemuidiesedicnmstnces. Tliehinnan VRP is dearly usefoi 
inaote as it can be administered to ahmnan havsig dqnessed levels of endogenous VRP, preferably in die 
sitnation vteo audi depressed levda leadto apadiological disorder, or where there is lack of aciivatioo or 
IS inhibitioo of the Flt4 rec ept o r or one or nmre other VRP leceppfi . 

Yatiom fwntffa t ^ h ff Bp ff U fe xnvn ef VRP inchide ttMwe ht whidi VBGF wt tefirft Escamples of these 
inchidn ui ea aifooial ed whh the vascular eiidfl t heB ii m , iuch as the tteannent of ii a i iinai a to to 
hi view of the demonstrated rapid promotion by VEGF of the pnlUbrttion of vascnlar endothelial cells that 
WQoM smronnd the traumata and hi view of the telatimiship between VEGF and d^ 

20 F^Tfnp W t*^f^T1*** *r9inrt9ta that gnitM hm <w trmatmA mt^httim^ lwt» »fm ^wt Itmit^ fn^ mtegw»t mett^tm^ patfiwtlar iy 

those involving the heart woonds; iiicfaiding bccRttioos, indsions, an^ 

nioera mvolvmg the vascniar endothdhun such as diabetic* haemophiliac, and varicose ulcers. Other 
phystetogicd ctmditiims that could be impioved based on the selective 11^^ 
uiLuio ff o nerem* 

25 For the tnumaricuidicationsrefaied to above, die VRP molecule will be fi^ 

of die hidividual patient d» site of deliveiy of die VRP, die mediod of admmisttatioii, and odier factors known 
to p ra c t id o tiers. 

AddhionalhidicatioQSfbrtheVRPareindieueaiment offiiU-dudmess wounds such as demid ulcers, 
30 Ddndhig dm categories ofpressuresoietveaausulcert and dhdiede 

andhjurieswhefeangiQgenesisisrequhedtopreparBthebumormjur^ faidiiscase 
dm VRP is eidier affiled i&cctly to die she or it a used to soak die skm 

to grafdng. In a similar &sbion, die VRP can be used hi plastic surgeiy when reconsonction is requued 
Iblhiwing a bum or other trauma, or for cosmetic purposes. 
3 5 Angiogenesis is also imponam tn keeping wounds clean and non-infected. Tlie VRP can therefore be 

used m association widi general surgery and following die repair of cuts and lacerations. It is particuiariy usefiil 
ui die neannent of abdomUial wounds widi a high risk of mfecdon. Neovascularization is also key to fracmre 
repaa;suicebh)od vessels develop at the site of bone injury. Admhusnation ftheVRPtothesiteofafraemre 
is theref re another utility. 
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In cases where the VRP is being used for topical wound healing, as deserted above, h may be 
administered by any of die routes described below for the r&>endotheliaii2ation of vascular tissue, or mora 
preferably by topical means. In diese cases, it will be administered as eidsar a sohmon, spray, gel cream, 
otmroent or dry powder diiectiy to die site of injury. Slow<^lease devices directing the VRP to the mjured site 
5 wiOalsobeusecL In topical applications, die VRP will be applied at a concexnrationraigi^ 
1^ fig/taU either iaasingteanslicaiio^ 

of one week to several weeks. Geoefallytdieamouaof topkalfttmulatioaadmiBisttiedis 
snffideot to apply from about 0.1 to 100 ng^cm^ofdie VRP, based on die snrftce area of te wound. 
Tim VRP can be used as a posNyeiaiive wound healmg agem ra baOoon an 
10 whidi vascular e n dflt heK a l celk are removed Of daiMged, tegeth#»pwtf^<»f^|| pK^ i tiffl fff j Hi^ ^ ! ^ 

Tlie VRP can be qiplied to hmer vascular sutfm by systemic or ioc^ 

in tra ven o u s bolus injection or inftisions. If desired, die VRP can be administered over time usmg a 
nucioiuetemig pump. Suhable compositions for intravenous administration comprise the VRP in an ^ tm ffM nt 
effixtivempnmiateendodidlalceUgiowdi and a parenteral earlier mate^ Hie VRP can be present in die 

lijeGtioosofSlo lOmLperpatieni^admipiatetedenceerindosmgr^imensdHttaltowte 
Ally ofdie known paremeral carrier vehicles can be used, sudi as ncMi^ 

Hie VRP can also be toed to pranote endodielialization m vascuhr graft surgery. In die ease of 
vaaeular gnrfks usmg eidier transplanted vessels or syndietie mate^ 

20 tfaesurficcs of the graft and/or at the jiincrioiM of the graft and t^m ifftifTtng ^^«»<ntmiirp !ff prmnffTg thff gpw*^ 
ofvascularendodiefia] cells. For such applications, die VRP can bellied mtravenoudy as described a^ 
far balloon angioplasty or it can be applied directly to die surftces of die graft and/dr the esdsting vasculature 
eidierbeftxe or during surgery. In sudi cases it in^ be desired to iq^ly die VRP in a duckened carrier material 
so dut it wiH adhere to die affected surftce. Suitable carrier materials inchide, for example, 1-S% carbopoL Hie 

25 VRP can be present m die canrier over a wuie range ofconeemrationsite example, from abM 
about l/)00|t9teg. Alteraatively,dwVRPcanbedelhmdtodieshebyanuaoncie^ 
solution. 

Tbe VRP can also be employed to repair vascular damage following myocardial infiuction and to 
drcumvem die need teconnary bypass surgery by stimulating die gro^ TheVRP 
30 is ai iminis i er ed kmawenously for this purpose, ekher m indivkhial injections or by micrometering pump over a 
perkxl of tiine as described above or by dlrea infision or injection to the site of 

Therapeutic ftmnniatlons of VRP are prepared storage by mixmg VRP havmg the de^ 
ofporitywidi optional phvsiotogcalhr acceptable carrieH.excm^^ 

SgOfiSai 16Aedition,Osol,A.,Ed.«[1980]Xindiefi3rmofiyo^ Acceptable 
35 carriers, excipients, or stabtiizeR are nontoxic to recipients at die dosages and concentrations employed, and 
include buffers such as phosphate, citrate, and ther organic acids: antioxidants mcluding ascorbic acid: 1 w 
molecular weight (less duui about 10 residues) polypeptides: pr tetns. such as serum albumm, gelatiiu or 
umnuttoglobulins; hydrophilic polymen such as p (yvmylpyrroltdone: amino acids such as glycine, glutamine* 
asparagme, arginme. or tysme: monosaccharides, dlsaccharides. and dier carbohydrates includmg glucose. 
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Tn«^'w> or dexoins; chdating agents such as EDTA: sugar aicdiols such as mannnol or sorbitol: salt-fonniDg 
counter-ions such as sodhnn: and/or non^tonie surfictams such as Tween, Pluronics or polyetbylene giycoi 
(PEG> 

Hie VHP also may be emiapped in microcapsuies prepared, for ceampie. by coacetvatum t echnique s 
5 (V by inter&dal polymenzanon (for example, faydraxymetbyicellnlose or gelatin-microcapsules and poiy* 
[nmhyhncihacyiatc) nucrocapsulev lespccdveiy). In ccdioidal dxug ddiveiy systems (fiir example; lip o s ome s^ 
^ftiqwiifi micRnphera* miCRiemnlsions, nano*paiiicies» and nanocapsniesX or in I' T y np f iii* it™"* Such 
twchntqnn are disctosed in teninglPtfg Ptwnn a CTiBiBi Srignfla t Ji^P^ 

VRPtobeinedtoiEpfVM admimsiniionmnsibesteriie: Ttaisisieadi^accompUsfaedbyfibntion 
XO MuHfl^h iftrrilft "'^TiHy^L |" i'vt f* TP'^f""'^'*^ iy«|^ff*»rff iw^tiimg^iiii VRpofdmariiy wiD 
bo atoved hi lyofdiiUzed fimn or hi solution. 

Therapeutic VRP corapoiitions geneisUy are pbced into a container having a sterile acctw port* foe 
example; an inttavenons solution bag or vial having a stopper plerceabie by a hypodennic injection needle. 

lbs toQiB of VRP administiation Is in aceofd wiib knom methods* cg:« 
xs fdf specilie indlcatioMS; as well as the genend routes of mjectioo or mfiiaion by umvenons; uumpet itone a i i 
muneiBonu» uiuainuamiar» BnraoGDiBr« anraaiicnBiy or nnraicsionai wranii or susmmcQ release ayaiBuia as 
nottdbelow. VRP is adminitiwcd contirowmsly by infiiiMin or by bohis injection. GeneraHy^ where the disorder 
|wuiiitAi one should fommiatB and doss the VRP Ibr siiB ipecilto dellveiy. Hiis is convenient in the case of 

30 Suitable examples of sustahied-reiease preparadons mchide semipenneable ma&ices of solid 

hydrophobic polymers conounrng the piotehu i^Huch natiices are ffl d^ 

mkrocapsttles* Rxawptes of sustamcdpreiease matrices ftidude polyeaters» hydrogels {aiy t po^fC24iydPOxyethy|p 

HMthacfyiate^ Mdeggrihedhy Langgf gf n^- J. Btomad. Mater Umt.. l^;l^7.2T7nggllaiidLaBger, Chcm. 
Teeh^ 12;98-105 (19S2) or poly(vmylalcohol)], polylacddes (US. Patent No. 3*773,919, EP 58,481% 

25 copolymers of L-ghnamie acid and gamma ediyi-L-ghtfamate (Stdman ef dL, fliQB&imSQi 2!^47»556 [1 983]), 
non-degradable edtyiene-vhiyl acemte (Langer €t dL, siipra\ degradable lactic acid-glycoilc add copolymers 
such as the Lupron Depot^ (injectable microspheres composed of iaede acid-glycolse add copolymer and 
lenproltde acetate^ and poly-D-(->3«hydroxybatyne add (EP 133,988). 
^Vhile pofynietB such as cdiylene-vmy 1 aeeiBte and lacdc ad^ 

30 fiir over 100 days; cenain i^fifaogels release proteins fiir shoiter time periods. When encapsulated proteins 
ituialtt in the bo<|y fiy a long time; dicy may de i i a i i ii e or aggr^ate as aresuh of exposure to moisture at 37* C, 
tesuhing in a toss ofbiologtealactivi^ and possible changes in hnmunogeiuc^ Rational strategies can be 
dev»ed for protem stabilization depending on the mechanism involved. For example, if the aggregation 
mechanism is discovered to be intennoiecular S«S bond fonnadon through thio-dlsulfide interchange, 

35 stabOizadon may be achieved by modifying suifhydryl residues, lyophilizing from addle soiudons. controlling 
moisture content usmg appropriate additives, and developing specific polymer matrix omipositions. 

Susttined-release VRP composidons also ndudeiiposomaliy entrapped VRP. Liposomes coniammg 
VRP are prepared by methods known per se: DE 32 1 8,121 ; Epstein et aL^ Proc. Natl. A cad. Sci. USA, j2:3688- 
3692 (1985); Hwang «r o^, Pmg. NfatK Aead. Sci. USA, 22:4030^034 (1980): EP 52J22: EP 36.676: EP 
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88,046; EP 143,949; EP 142,641; Japanese patent appUcasion 83-1 18008; Patent Nos. 4,485.045 and 
4>t4 J45; and EP 10i324. Ordinarily the liposomes are of die small (about 20MOO Angstroms) unilamellar 

in which die lipid contem is greater dian abott JO noL 
Ibrdie optimal VRP diempy. 
S When applied topicaHy, die VRP is suitably combined with other iny«BeHq, pHi as camera and/or 

adjuvanii. lliera are no limitations on the nature of such other ingredienis* except diat they must be 
phiBntaoeQttcfliUy acceptable and c^lficamous fiop their msBBded admhiistmtioQ^ asd ca^mot degpade the activiiy 
ofdie active tngredieats of die oonposidon. Examples ofsuhaUevdudesmchideohiinac^ creams, gels, or 
soapensions;, with or without purified collagen, Thn cQmporitionf #)fo xiwy W mp fff g rff ^f d l pff> ff ffffff^ f Pffif ' 

10 pattfaea.plasteni, and bandages, prefiaabiym liquid m-semi-ihp^ 

For obtaining a gd finrnuladoo, die VRP fonnulated m a liquid comp 
effeoive amotmt of a water-sohdde polysaccharide or symhedc polymer Sttdi as PEG to 
viseosiQr to bo an)lied topically. Ihe pdysaccharide dm may be used mdndes, for example, celhilose 
derivatives such as edierified ceUnlose derivatives, mgiw^iit^g alkyi celluloses, faydraxyntkyi ceUuloses, and 

15 aDcyfeydroxyaflcyl celluloses, far oxmnpic, me diyicelhilose, hydroxyediyl ceButoae, carfamtymediyl ceUutese, 
hvdimmuiivi medwr fcellnhnft and hvd imy|iiiniy i grihi toag; amA ^mMimf^fif^ ttarrh; agar tiginir add 

aiabimtti, ehiumia; glycogens; glucans; and symfaetic biopoiymeBV as well as gums such as xamhao gum; guar 
g^^^ locust bean gum; gum arable; nagacandigunu and kanya gum; an^ The 
30 pvftmd golfing agemberemb one diat is inen to biological syst^^ 
nmiiy or visooos; and will not destabOiae die VRP held whfaitt it 

PRllenbly dm po^fsaadiaride b an edierified ceD 
defined, purified and listed in USP.e^mediykcihdose ami die hydni^^ 

hydioxypiupy i cdhdose, hydrao«hyl ceihdose, and hydraxyprapyl medqdeeUulose. Most preferred herein is 
25 mediyloellutose* 

Hie polyedxytene glycol usefbl far geiUng is typically a mmmre of low and high molecular weight PEGs 
to obtain die proper viscosity. For example, a mature of a PEG of molecular weight 400-600 widi one of 
molecular weight 1 500 would be effective for diis pmpose when mixed in tfag pmpw rati n tn nhtntn » 

Ite tenn "water soluble" as ai^lied to die polysaccharides and PEGs is meant to mchide colfaidal 
30 aohdhmsanddlspenions. bgenenLdiesohibaityofdiecenttlQsederivadvesisdetennfaiedbydiedegReof 
substitndon of edier groups, and die stabiliamff derivarivea useftii hefeiti aimM imm a trfprfiim T^mriy irf wch 
cdicr groups per anhydn^httoseutdtm die celhilose chain to render the deri A degree of 

edier subsimdon of at least 0 J5 edier groups per anhydroglucose unit b generally sufficient Addidonally, die 
cellulose derivadves may be in die fonn of alkati metal salts, for example, die Li, Na, K, or Cs salts. 
35 If mediylcellulose is employed in die gel preferably it comprises about 2-5%, more preferably about 

3%, of the gel and the VRP is present in an amount of ab ut 300-1000 mg per ml of get 

An effective amount of VRP to be employed dierapeudcally will depend, for example, upon die 
therapeutic objectives, the route f admmisoadon, and die condition f die patient Accordmgly, it will be 
necessary for die dierapist to titer die dos^e and modify die route f admmisoradon as required to obtam die 
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optimal therapeutic effect. Typically, the clinician will adminiscer the'VRP until a dosage is reached that 
achieves the desired effect A typical daily dosage to systemic ireatmem might langefiomaboin I 
to 10 m^kg or more, depending on die &csors mentioned ahove. As an ahentativegenefal proposition, the VRP 
is fonsiuiaied and delivered to the taiget site or lissaeaiadosa^ 
5 greaterdia&abomOJng/ccupiDamaximimidosediatisefficacm Tliis sntra^tssae 

coBceattarion should be mamt a m ed if possible ly c on ti nuo us infiision, staamed retease; topical appifcathm, or 
Ipjeffilon atetupiiically dctenniBed fiequegcieit The piugiesi of this diaiapy is easily m o nhnw d by ooa waiiHinal 
assays. 

ft Is widim the scope hereof to combine die VIU* therapy widi other novd or convo 
XO (cg^ gmwdi fictors such as VEGF, addle or basic fibroblast growth ftctor (aFGF or bFGF, respectively^ 
plaielefrderived growdi &cw (PDGF), insoUn-Uke growd^ tear (IGF*I or IGF-IIX nave grawdi ficor (KGF), 
aa^e steroids. EG? or TGF-a) far enhandng die acdvity of any of die growdi fiuosis, hidudhig die VRP, 
in pnmotlogceQpioDfemira and repair. It b not iw iesiaiy th a t such ctMtc atwent drags be ipcitided^eriie in 
die conyo s i tl d ns of this in v en i ioiu al l howg b this will be cc tt v eiu c ut wheie such dnigs aw ptot ci ua tOTu s. Such 
IS admnmres are sost^admhusnedhdie same mamierandfodse same The 
Qsdkd molar lado of VRP to sudi SBOondaiy gpowdi finon IS 
oeo^ preieiiBa. 

3. WOT-ThgraPCTtig>Piagnwic Um for YRP 

The nucleic acid encodingdieVRP may be used asadiagnosricfertisaae-spec^ Forcxample, 
20 sucb procedures as textoliybridlzadoa. Northern and SoudmblotdBfl^ and PC^ 

de8emitewfaedieri>NAaidAsrRNA encoding VRPnncleie 

addorpolypepddem^alsobeusedasdlagnosdomaikBrs. Forexample»die VRP may be labeled, usmg die 

techniques described herdn, and expression of micleie acUl molecules enoodm^ 

leoeptor can be quantified, usmg the labelled VRP. 
25 If the human VRP-encoding midesc acid ts localized to a human chromosome, die nuddc acid fir 

human VRP can be used ass inaifcerfiir this hiiinanciinmiosoiiie. 

VIU* mideic add Is also usefiil ibr die preparadon of VRP polypeptide by te^ 

csBBDiplified herein* 

Isolated polypeptide nuiy be used m quantitative dsagnosdc assajys as a standard 
30 which samples contaming unknown quantities ofVRP may be prepared. 

VRP preparations are also useful in generadng andbodies. as stancfards m assays for VRP (e^, by 
bbelmg VRP for use as a standard m a radiohnmunoassay , ladioreceptor ass^, or en2^^ 
for deieedng die presence of the FIl4 receptor or one or more odier VRP receptors m a biological sample (eg:, 
using a labeM VRP), in affinity purification techniques, and In compe^^ 
35 bMBdwhhiadiolodine,enr^mes,fluoroptaores.sphi labels, or die lik^ 

The VRP is also usefol as a diagnostic tool For mmple« die VRP can be produced in prokaryotic cells 
using the techniques elaborated herein and the unglycosylated protein so produced can be used as a molecular 
weight marker. The deduced molecular weight (mw) of the VRP is about 44.8 kDa. To use die VRP as a 
molecular weight marker* gel filtradon chromatography or SDS-PA'GE. for example, will be used t separate 
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pmttiB(s) for whicfa it is desired to decennine tbdr moiecular weigiit(s) ni substandaiiy the nonnal wsy. Ihe VRP 
and other moiecuiar weight markers will be used as standards to provide a range of molecular weights. For 
exBopie, phosphoryiase b (mw - 97,400). bovine senrni albumin (mw « 68,000), ovalbumin (mw « 46^000), 
VRP (mw » 44,S0O), trypsin inhibitor (mw « 20, 1 OCX and iysozyme (mw « 1 4,400) can be used a mw markers. 
5 Tbe other molecular weight markers mentioned hm can be purchased commerdaliy from Amersham 
Conxndon. Axlmgton Heights, IL for example. Often, the molecular weight markers will be labeled to enable 
ca^deiBcdoa ibikywittg sepaiatioiL Techniques ftr labeling amibodies a^ 

am woD known m die art. For exanpfe the moiecutar weight maiken may be biotmylaiBd andL ftllowhig 

seimdoa on SC)S*PAGE» teexanple, the btot can be oiaibaiBd whh so 
10 bwis can then be d et e c te d fay light d ete c ti on* 

Umay also be useM to grow cenaincelb having the FH4 receptor or 01^ 

ctvfwoosmgiheVRPasaaangiogeuc£utM'orgrowriieMtor. Ihus, for example, the VRP can be used as a 

growth ftctorm the in vtMcttltunng of esdodielial cells. For such uses* the VRP can be added to the ceU 

culture medium at a concentration firom abofttt 10 pg/inL to about 10 ngM.. 
IS TlteMcellswhidiaRtobesppownexvhiomaysimnkaneottsly bec^^ 

ahBBiathig ftctor (GM-CSFX VEGF, macrophage cohmy-etinmlatmg ftdor (M-CSFX gtmub^ cokmy^ 
atinmlatmg fiKtor (G-CSFX granulocyteHBacrophageeolony<^^ 
bmphomxin, sted &ctDr(SLFX tumor necrosis fitttor 
20 and/or differentiation of the cells havmg the F1t4 reeepur or one or more odier VRP receptors, 
hi yet anodicr aspect of die mventiont die VRP inay be used tor afSahy imrific^^ 
oreoeorittoroodier VRP receptors. Brwify, this teehnitiuenivolvescovalently attaching die VRP to an me^ 
and porous luatiui (eg;, atgarase reacted with cyanogen bramkle). A solution couaining the F!b4 receptor or 
etfacrVRPrecepioi(s) can then be passed dnough the chromauigiapliieiBaier 
3S by cfaaiiging the efaitun conditions (eg: fay changing pH or ionic strengdkX 
ThepurifiedVRP« and the nucleic acki encod^ it» may also be sold 
of VRP and hs cogn«e recepteirs, to smdy the role of die VRP and the nt4 receptor or odier VRP re^ 
normal growth and devebfsnent as well as abnormal growth and development, eg. in malignancies. 

The VRP may be used ftir com pe titi ve screemng of potential agonisa or antagonists fbr bmdmg to the 
30 Flt4ffeceptororodier VRP receptors. VRP variants are usefid as standanis or controb in assays 
provnieddiat they are rectignized by die anaiydcal system emptoyed, eg: an ami-VRP antibody. 
4. YRF. AmflwdyfTCTaiatipn 

A description follows as to the production of exemplary antibodies as defined herein. These exemplary 
antibodies inchide polyclonal, monoclonal humanized* bispecific orheteroconjugate antibodies. 
35 A. PolYclqnal Antibodies 

Polyclonal antibodies to die VRP generally are raised in animals by multiple subcutaneous (sc) or 
h u r ap er im neai (ip) mjections fdie VRP and an adjuvant hmay be useful to conjugate the VRP t aprotein 
diat is immunogenic m the species to be itiununized, eg., keyh le Ihnpet hemocyanuu serum albumin, bovine 
diyrogiobuluu or soybean trypsm inhibitor using a biftmai nat or derivatiring agent for example 
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maldiiiidob«oyi siiifosncdaimide ester (conjugsoon thxmmh cystdne tenduesU N-hydraxysttcdniniide 
(liuaugii lysine lesidttes), glytaniddiyde, succinic anitydride. S0CI2. or R^N-C^R. where R and are 
differenc alkyi groups. 

Animais are tmnniniTrfi against the umnunogenic cocjugates or derivarives by combining I mg of 1 ^g 
5 of oonjugaie (for rabbits or mice; respeetivciy) widi 3 volumes of Freud's complete adjuvant and injecting the 
aoiudoninsradennaUy as mnltiple sites. One month later the animals are boosted whh 1/5 to I/IO the origiBai 
■■■Muiiit nt gtfwjiigm ii> FwMifti flumpitfiw atljnvmnt hy ^ph^^piin^^inn jfijffftTffn ^ H*?hTf*T •tft— Seven to 14 days 
tatHrtfaeaniBBalsaivbledattdthesenniisassnyediivaati*^^ Animals are boosted ontii the 

ttarpfaftbAUi* ftc fe iiab ^ t the animai is hcwwied whh n ccmjugaBB of the same VRP widi 3 dtt fcieni pioiem and/or 
10 thoonyogsiOQ is through ft (iifRBientCRS8s4hdtsng reagent* Conjugates ^so can bo made in rBcombinant ceQ 
cohnie as protein iitsimis. Also, aggregating agans such as afami are used to enhance the hnmnnereqMnse. 
a MawclOTal Antibodica 

M< «o cfamalama»dies are obtained ftom a popolation of wbttantiaffy homo^^ 
the kifividual andbodies comprismg the popttiadon are ideaticai except for possiUe namnUy-occurring 

15 mntadonsdiatmiQr bo presem in minor amounts. Tlius.d» modifier "Ynomlonal'todcates die chat^^ 
ttdboc^^ as not bein^ n mixturs ^^^tfiscide ^^s^bo^BssL 

Fbr example, dm anti-VRP monodooai anttbodias of the sKvemion 
nwitaifimdescnMby KdilerandKfflsttm.ljb^ 
medmds. U.S. Pat Na 4,816^67. 

20 to timliyfaridomamedwd, a mouse or odier a ppropria te host anmial,sudi as hamster, is ^ 

herehiabovo described to eiidt lymphoeytes diat produce, or are capable of producing, antibodies that wiH 
ip e ctficai lyMndtPtimptoteinusedfori mimmignii oni Aheiuativdy, lyovi^OQnes may be immmsixBd As vAro. 
LymphoqM then are teed widi myehma ceUs usmgasuhable ftisiogage^ 
ceL Gocfing, Mimoetemil Antihnrite^* Prmemig< and Pfagttgg ppJ9-]03 (Academic Ptess, 1986). 

25 The hybridonuceibdius prepared are seeded and grown in a suitable culture medimndiatpref^^ 

contains oim or more substances dmtinhibic die gtowdi or survival of die unfu^ For 
example, if die parental myeloma ceUs lack die enzyme hypoxamhine guanme phosphoribosyl transftrase 
QKSRT or Hntl% dm cuhure medhmi tor dm l^brtdomas typieafly 1^ 
and diymidme (HAT medhim). which substances prevent die growdi of HOPRT-defldent cells. 

30 Pirfetf ed tnyelfltna ceUs are those that toe eflfcietitly» suppott stable iugfr*tevel expression of antiboc^ 

by die selected andbodyiHodudng cells, and are sensitive to a medhmi such u Amongdiese, 
prefeired myeloma cell lines are murine myeloma lines, such as diose derived finom M0PC-2I and MPC«1 1 
mouse ttmon available from die Saik Insdnite Cell Disnibution Center, San Diego, Califomia USA, and SP-2 
cells available frm die American Type Culture Collectioo. Rockville. Maryland USA. Human myeloma and 

35 mouse-human heteromydoma cell lines also have been described for die production of human monoclonal 
annlxxlies.iCozbor,iJtami2Li22^^ f 1984V Brodcurer a^. Monoclonal Antibody Praduciion Techniouea 
^nd Applfeatfofls. ppJl-63 (Marcel Dckkcr, Inc., New York, 1987). See, also. Boemer et aL, J. ImmunoL. 
J42:86-95 (1991) and WO 9l/l77d9« published 28 November 1991. for techniques for die producnon of human 
monoctonai antibodies. 
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CtticiirB medium in wiitcli Jiybridoma eeib are growing is assayed for production of monodonai 
amtbodi^ directed against VRP. Preferably, the binding specificity of monoclonal antibodies produced by 

(RIA) or enzyme-iinked immunoabsorbem assay (EXJSA)* 
5 Tbfi binding afSntty of tiie monocionai antibody can, for example, be deiennined by theScatcfaard 

analysis of Munson and Poilaid, Anal. BtHchm 107:220 (19S0}. 

After tq^toiitoaa ceila aw identified that produce antibodies of the dcstieds pccifi i cf ty» afftutyt andftir 
acth>iy» the cioneainay bo sui Ki on e d by S mit i ng d iluthm procedures an^ Goifingp 
Monncfcnwi Atitibodies! Prmripicg and Practice, pp^O^lfU (AeaAtte Ppm^ IQM}. SuitaUecuHum media ftr 

10 thisputpo8eindnde,focxansple,Daibeoco^ModfiedE^cfs Medina inadditov 
Iho Iqrbridoma cells m^ be grown 01 vhw as ascites nnnori in an animaL 

Hie mfmodonal anritmWes. trrrrmi hytfaeinhefaittgggregttitehtytgpawted <mmtha«^ mf^tttpi^ 

ascites fluid, or serum by conventional mmiunogloboim purification prooedum 
A-Scpharose; bydraxylapatitB duomatography, gel electrophoresis, dialysis, or affinity chranmo graphy, 
IS Ahenunively* it is now possible to ptodaeetiansgeme animals (^^ 

IninmHiiJ i l i m . of pwducms afhiiiepenpireof h wnsn amihoJies in die absence of eadogeaeus mrnnrnq g l o hn r m 
pndnctiaoL foexample^ftbasbeendescriliedtfaatdtthanozygousdeletionofdiea^ 
region (J^) gene in dibneric and gefin4ine mniaat mice results in coniplM 

production. Tmasftrof the imman germ*line inimuiioglolniiin gene array in such genn^line mutant mice will 
30 lesuhsithe production oflomian antibodies upon antigen challenge.^ 

In a fiMifaerera hodim cat, antibodies or antibody fra giiie i m can be isolated from a ntibody phage libiaries 
aeneated usam die techniouea descrflied in McCaffeitv at at. Namrg. 348!3ffl>S54 f 1 9901 nshif ihe VRP to 
select for asuitable antibody or antaxxfyfiagmenL CladcMn moL^ N^pge- mi S24^^ (1991^ and Maria ef 
25 al^ J. Mo!. BioL, 222:^8 1-597 (1991) describe the isolation of murine and human antibodies, respectively, using 
plage libraries. Subsequent publications describe lite production of high*a£Rniiy (nM range) human antibodies 
hv chain sfaufflinff rMarig ^ aL. BioH'echnQL lQ;779>7ia [I99g|>, m nwil MgnmiwMtiBfMl mfeeriim mAmvivo' 

recombmatioaas a sttategy for consa ro cti n g very terge phage libraries. Waterimma at at. Vnc. Acldg Rea., 
21;226S-2266 (1993). Hius, these techniques are viable alternatives to naditional monoclonal ant&ody 

30 faybridoma techniques fbr isolation of "teonoclonar antibodies (especially human antibodtes) diat are 
encompassed by dw present invention. 

DNA encoding the monoclonal antibodies of the invention is readily isolated and sequenced using 
co nv e nti on a l procedures (eg:, by using oligonucleotide probes diat are capable of binding specifically to genes 
encmUng die heavy and li^chams of murine antibodies). Thehybridomacellsof dieuivemionserveasa 

35 pieftned source of such DNA. Once isolated, die DNA be placed mto expression vectors, wiueh are dsen 
n ans fccted uim host cells such as simta COS cell$« Chuiese hamster ovary (CHO) cells, or myeloma cells diat 
do not otherwise produce immunoglobulin protein, to obtain the synthesis of monocionai antibodies in die 
recombinant host cells. The DNA also may be modified, for exampie. by substituting the coding sequence for 
human heavy* and light<hain constant domains in place of the homologous murine sequences (Morrison et aL^ 



-31- 



wo 97/09437 



PCT/US94/14075 



Pme. Nar. Acad. Sd. USA. 6851 [1984]X or by oovalottty joiaiiig to the inmimoglolNiiiB eoding seqimce 
aUorpanofthe coding sequ«C8 for a nofhinuiumogiobuiffi Inthsmainer.'ciumenc^ar'liyfaiM 
antibodies are iirepared thai have the btndiog specificity of an anti*VRP monoclonal antibody herein. 

Typtcaily, such non-immunogiobulin polypeptides are sabstituied for the constant domains of an 
5 an tib o dy of the invention, or they are snbstitnted for the variable domains of one sntigenfcombtntog site of an 
antibody of the invention tt> create a cliiinci'm bivalent antibody comprising one antigeihcoiiibining site having 
specificity fi» an VRP and anmherantigen<nwbhiing site having spedfic^ 

Chfinfi ic or hsfbnd antibodies also msy be p iepaied U9 viw known nwiliudi in sypthcoc protem 
c l iei Hi si i yt tnchiriiB g those mvplving ct twiliB l dn g agents. For example; imnjunfltoains nay be cemumc nwl taing 
10 a dhnlffd e exchange reaction of by feninng a tfafa)ether bond. Ex i nip lea of suitabie lei g Bi i ii fcr tha pigpose 
inchide iminoifaiolatB and mediyMHiiercaptobuqnimidate* 

For diagnostic applications* the sntibodtes of the invention typtcdly ^ 
moiety. The detectable moiety can be any one which is capabte of producing, either direct^ 
dUBctaUeaigiiaL Fbrex8mple.ihedeiBctablemoietymaybeai8dioisoiDpe»auehas^H»^^^P^ 

XS a fjunteaeeiif or gitwiil|iitmnwj'wir immpniimt , ttiri^ ac flyiy^yj^ ^ffMhiOCy anaifft fhffidfflli nffi AT lu clftf ini ffTflfl 

en^^e; such as aUcaiine phoiphat ase; beta gslactpiidaiet orhorseradisii pciosidasfe 

Anyincthodknowtimthcaitfasftpai'aiBlycoiytigatingthcantibodly tPthedctecwMein^ 
CB^loyed, includmg those mediods described by Hnnter cr aU OsBB^ ISA^^ (1962); Oavid er oL, 
BmcfaemisffYr 12: 1014 (1974); Pahl CT a£« 1 Tmnmiiol Meth- (1981); and Nygren, J. fnrtnehem. and 

The antibodies of die present mvention may be emplc^yed in aiiy known assay meduxl such as 
competitive binding ass^fs* direct and {ndfrcct sandwich assays, and immunoprecipitstion ass^^ Zdfaiv 

Monorifimil Anrihodtgr A Manual of TgdmimM. pp.l47.I58 (CRC Press. InC 1987). 

Co m pe ti t ive bmding assays rriy on the abiliy of a labeled standaid (vducfa may be a VRP, or an 
2 5 tmmnnologicatty reactive portion thereof) to compete widi the test sample analyte (VRP) for binding with a 
UmitodaaxMm of antibody. TheainoimtofVRPfaidietestsampieisinveiselyprQpocttmltotheanKnditof 
sudard that becomes bonad to the antibodies. To fitctlitate determining the amount of standard that becomes 
hflwwti the a nti bo d ies generally are msofaibi1i?gd before or after the oompetitioiL so that the standard and analyie 
that are bound to the annlMcfies may conveniently be se parated firom the itan<tard and analyte which remam 
30 imbonnd. 

Sandwich assays uivolve die tae of two andbodies. each capable of binding to a 
poitiott, or epimpe^ofdie protem to be detected (VHP). In a sandwich assay, the test sample analyte is bound 
by a fint amibody which is immobilized on a solid support and th ereafte r a second antibody binds to die analyte, 
thus fomiing an insoluble three-part complex. See, eig., US Pat No. 4376«1 10. The second andbody may itself 
35 be Ubeled widi a detectable moiety (direct sandwich assays) or may be measured using an anti*immunoglobulin 
amSxHiy that is labeled with a detectable nMiety(mdirett sandwich For example, one type of sandwich 
assay is an EUS A assay, in whidi case the detectable moiety is an eniyme. 
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C Humantged AntihndiM 

Methods for humanizing non-hiunan antifaodies aie well known in the an. Generally, a humanized 
antibody has one or more amino acid residues introduced into i^ Thesenon* 
human amino add residues are ollen lefemd to as "onpoR^ restt^^ 
5 wiabledomain. HnwaniTatfon can be essentially iierfbnncd foltowmg die mediod of Winter and co^woikers 
(iQocs cr dL, IbBBS. i21;S22*S2S [ 1986]; Riechmami m at, IbQu jS^323-327 [Wtk Voiioeyen er at, 
Scleiice. 22S:1534-IS36 [1988])» by substituting radem CDRs or CDR sequences fiat the conespondBig 
seqneaces of ahmnB antibody, Accoidtngfaf, such T nimnniTB d* antibodiea aw chimeric a nti bo d ies (\JJS, Fat> 
N6.4,8l<Jd7,jiyrg)|iwiicreinsulmamiailyfas 
10 die concspoiiding sequence fium a mm-humanspedes. hi picticcfanaaniaedanlibodtes are typically hunun 
amfhndtes hi which smne CDR residues, and possibly some FR reaidnes* are substituted by residues from 
anaiogoos sites in rodem antibodies. 

is hnponam dm antibodies be humanized widi retention of high affinity for ^ 
ftwonbbbiotogicalprDpcnies. To achwvetfiis goal, acconiittg to a preftnedmetiud. humanized antibodiea 

■ OiKBe'^fifflensiooalmodds^^diepareHtBl andhumanizBdseqtteBces^ ummmogiobulm modriy 

mteaiarioihosesksnedhitheart Conipuicr programs an cvathbte which ilhistnte and dispbyproM 

tllHI^^wnwitiniiai eimfiiffmMtmfiiil Ati uaiiiw* nf ayigg^i^ Candidate fnuffffffglfrfwili?! tftHlfHftfft. lospeCtlOO of 

diese displays penuts analysis of die likely role of die reshhies m dm fnictionmg of die candidate 

20 amiiUKi g i ob nl m swittence;taL,dmanalyais of reshhies diatm^^ 

to Uadhs antigen. In Otis way, FRresidnes can be selected and oombnied from die consensus and hnpoit 
seqM&ee so that the desired antibody d&uacteristic* such as tau eased affinsty^sr the target afltigen(sX is 
adiievccL In geiiCMl, the CDR residues are directly and most substantiaily involved in inflncncittg antigen 
btadttg. ForfimherdetatlsseeW092«653,published23 December 1992. 

25 D. Bimi^dfie Antfhodig* 

Dispecific antibodies are monodonaL preferably human or humaniTBd, antibodies that have bindmg 
qwifiritiesferat least two different antigens. hidiepresemca$e,otteofdiebmdmgq)edfichie3isfQriheVRP, 
dm odw one is fiwatiyodier antigen, and prefoably for a recepmr or receptor sttbu^ For example, bispedflc 
aniibotfo spedficatty bmding die Flt4 receptor and the VRP are whhm the scope of ft^ 

30 Mediods for malting bbpedfic antibodies are known hi the art Traditumalty» the recombhiam 

production of bispedic antfeodles is based on die co- exp ic Mio n of two unmunogfaibului heavy<hain/llght'Cham 
pana^wfaerethetwoheavycfaainshavedtfimntspedlldnes. Mtlbtgm a«i Cuailo- Nature. 305 J37>539 <1983\. 
Because of die landom assottmem of umnunoglobutin heavy and light chains, these hybridomas (quadromas) 
produce a potential mixnire of ten different antibody molecules, of which only one has the correct bispecific 

3 S smtctue. The purification of the conca molecule, which is usually done by affmity chromatography steps, is 
taiher cnmbetsome. and die product yields are tow. Similar procedures are disckised in WO 93/08829, published 
13 1993, and m Treunecker ef aL, EMBQ Ifi:36S5-3659 (1991). 

Accordmg m a different and more preferred approach, antibody variabte donuuns with die desired 
bmdmgspeciiicities(antibody-anngencombmiiigsites)arefusedtoimmun globulin constantd main sequences. 
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IbM fitsioa prefierabiy is with an immunoglobuiin heavy-chain amscant domain, comprisnig at least pan of the 

luii8e»CIC and cm regions. It is prefbred to have the fim heavy* chain constam region (ffl 

dw site necessary far Ugbt-cfaam binding present in at least one of the ftasioBS. DMAs ^wftimg the 

IPinnaiOriobuliP heavy-chain fiisions and if destred. the munmnglfllmlm light eham^ am mtgrtmd into fffparatP 

5 e »|g es sion vectora,andagBCCHransfectedimoasuitab^ Hiis provides Ibr great flexibility m 

aij^isriDg the nmoBl prqxnioas of the three polypeptide fiagni^ 

three polypeptide cfaansiisedhi the consinKtionprBvub the qsnnmiyMd^ ft isihowewert possible to utseit 
the codmg sequences fatwo or all three polypeptkbcfaamsmoaecxpte ssi onvew 
least two polypeptide chahis m equal lados resuhs m high yields or when the ntios are of no particular 
10 ggtificance . Ittapreftnedembodhnentofthisapproadi,thefaispecificantib 
iBOBimogiobalia heavy chain wsdi a fiist buuihig sped^ 

cfaiiBAigh^chaBlpai^(llrovidalgaseoQ^ Itwisfimndthatthisasynnne&ic 
sttnctttre ftdlhaies the aeparation of the desired Mapeeifie eam|Mim<i htm mwnawtM tmtmiiftgirthiiif ^ gh^iti 
corabhifltions. as the presence of an hnmunogiobnIiB fight Cham 
15 providesftrafidlewayofsepantion. Ibis appnadi is disclosed m WO 94«4O0pttbI^ 
For fimherdetaifa of wtciatmgbispecife antibodies see.teennmte.S^^ 
i21;210(19S6). 

Heteniconjttgate antibodies are also withm the scope of the presem inventus HeterKo^jugaie 
20 antfliocgesare composed of two covalently joined amihodi» Such antibodies have, for example, been proposed 
lOttigBthnnnmeiysw cclU to unwanted celb (US PtoNa^ 

WO 91700360; WO 92000373; EP 03089. HeterDconjngste amibodies ni^y be made nsfaig aiiy conm 
ooss-tinldng methods. Suitable cross-lmking agentaaie well bwmm m th^ awpt, am j aty ^iTff^1 m1 l, fflr CT flmpte, 
m PSat Na 4,d7$.980« along whh a number of oniss-linkhig tftt mignfi 
25 5. UmQfVRPAntiTymligi 

VRP antibodies may be nsefiil in cenam theiapcutic indications to blodc actiWiy of the VRP (for 
caomple; to bkxk egness activatian or oihfohim 

tobiockaeovaacolarizaiion»re^endotheiialtzation.anda^^ Specifically, die VRPantibodlesareusefol 
30 m the ireannem of vaiiotts neoplastic and nouHieoplastic diseases and disordeis. Neoplasms and related 
conditions that are amenable to treatment tnchide breast carehuunas, hmg gMgitf5 ?ff^i!i; gastric eardnomas, 
esqihageal carcinomas, colorectal c arcin o m as, liver carcinomas* ovarian cardnomas, thecomas, 
airiienoblastomas* cervical carcinomas* endometrial carcinoma, endomeoial hyperplasia, endometriosis, 
fibrosarcomas, choriocarcinoma, head and neck cancer, nasophaiyngeal carcinoma, lazyngeal cardnomas, 
35 hepati^lasioma, Kaposfs sarooma, melanoma, skm cardnomas, hemangioma, cavernous hemangioma, 
hemangioblastoma, pancreas carcinomas, retmoblastoma. astrocytoma, gfioblastoma. Schwannoma, 
ligodendrogll ma, meduU blastoma, neuroblastomas, rhabd myosarcoma, osteogenic sarcoma, 
leiomyosarcomas, uruiary onact cardnomas, diyroid cardnomas. Wihn's wmor. renal cell careinoma, prostate 
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caidnoma. afanonnai vascular prolifeiaoon associawrd with phakomatases. edema (atdi as tbat associated with 
bfatn tumonX and Meigs* syndrome. 

Non-neoplasdc conditions that are amenable to treatment inchide rheumatoid arthritis* psoriasis, 
ashcrosclefosis. diabetic and other rednopadiies. reiraieniai fibroplasia, neovascnlar giancoma, age«reiaied 
S macTihir drgrncTanon» ihyrctid hyperplasias (wi^hiding GraweTs disraseX cowicai and other tjssne transplanotiont 
cfavouc mflaiBBiaooi^ hmg mflaniroaconi. nephrotic syndrMne^ pcecdainpsiav asctBcs^ pencar^Sai cflRmon ^such 
as that assoGhtted with pencaidhisX ttd pleimi cfBision* 

AgMoifllBd macular degeneration (AMD) is a leading cause of seme visual loo in the elderly 
popnhttinn. The exndadve form ofAB^ is chanoerized by choroidal neo^ascolariaatsoo 
XO epithellai ceil detachment. Be c ause choroicU neovascularization is associated with a diauuuic worsesmg in 
prognosiSi die VRP antSxxUes of the present invention are expected to be especially usefiil m reducing the 
severity of AMD. 

For ttwrapeutic applications^ the VRP antilKMlies of the invention are administered to a mammal 
preffar^bly n faomaOf m a piiannaGctsicall^ acceptable dosage fbintf mchidflig ttiose that may be adnumstered to 

15 a human fau aveu ous iy as a bohis or 1^ cominQous infiiaion om a period of thne; hy bmamuscuiar, 
• uiuapeiilooealt mtrKerobrospmaL subcuiueoosy imnMrticnlar. intraayiiovialt imiatliecaL oreL topicaL or 
inhalation routes* The VRP a nti bodi e s a ls o are suitabiy ariminis tercd by iiit i di u mo tal. pertnunuial. intralesional» 
orperiiesiooaiitiutesortDdielyinph.toexeftlocalasweUassy3tenucdierBpenticeffi^ The intraperitoneal 
routt Is expected to be particularly usefhl. for example, in the treatment of ovarian tumors. 

20 Such dosage fonns encompass pharmaceutically acceptable cairieridiat are mherentlym)^^ 

BQ^HdictapeoiiGM Examples ^^sucfa cacriets mcfaide loo cxGfaau^^^3i« ahuntna^ afatmoBon sBearacs^ ledthuif senfls 
prottonSy sutdt as human setusot albumiBL. buflGsr sidsstsnoes such as phosphases^ g^j^'Oioey sorhiB acidf potsasBBB 
sorbate, partial glyeeride ndxmrcs of sansated vegetable &tiy adds. wateK» aahs. or electrolytes such as 
protamine nilfatCi disodium hydrogen i^osphate. potassium hydrogen phosphate, sodiimi chloride, zinc salts; 

25 colloidal silica, magneshan trisilicate, polyvinyl pynolidone, celhilosc^based substances^ and KG. Caniersfor 
topical or gel-based forms of VRP antibodies include poiysaceharides sudi as sodium carboxymethylceilulose 
or BKdiylGelfailose, poiyvinylpynolidQae. polyactylates, polyoxyediylene>polyoxypropyiene*block polymers, 
PEG* and wood wax alcohols. For all administrations^ conventional dqwt feims are wtfahly used. Such forms 
inditde, for example, microcapsules* iunio*capsnles« liposomes; plasters, inhalation forms, nose sprays* 

30 whHn g n a l tabtes. and susmmed-rolease p reparation s. TheVRPantibody will typically be formulated m such 
vdiides at a concentration of about 0.1 mgftai to 100 mg^ml. 

Suitable examples of sustaineci-release preparations include semtpetmeable maoices of solid 
hydrophobic polymen containing the VRP antibody, which matrices are in die form of shaped articles, e.g. films, 
or mtoocapsules. Examples of sustained-release matrices include polyesters, hydrogeis (for example. poly(2- 

35 hydroxyediyl-methaciylate) as described by Langer er oiL, supra and Langer, supra, or poly(vtnylalcohol), 
polylacndes (U^. Fat No. 3,773.919), copolymers of L-glutamic acid and gamma etfayl-L^glutamate (Sidman 
€t dU stairs), non-degradable ediytene-viny I acetate (Langer et ai . n^^ra), degradable lactic acid-glycoUc acid 
copoiymen such as die Lupron Depot^ (Injectable micropheres composed of lactic acid-glyc lie acid 
aqx)lymer and leuprolide aceiaseX and poly-D-(->3-hydroxybutyric acid. While polymers such as ediy iene-vinyl 
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afietate and laecieadd-^ycQlw acid ouibieieieaseo^ 100 days, cenambydtogdsreleaae 

prataiasfodiaiiBr time periods. When cncapsutaiedVRP antibodies wmam in the bo^ timcdtey 
najr dena&ae or aggre^ as a lesuit of exposure » moisure at 37* C result 

and possible changes in immimogenidiy. Rational saategics can be devised for stabilization depending on the 
5 mechanism involved. For example, ifthe aggregation mechanism is discovered to be imermolecoiarS-Sbon^ 
fiomaiion through thio-disulfide imercfaange, stabilization may be achieved by modtfymg snlfliydiyi residues, 
tyophilizing fiom actdk sohtfions, comrollhig mot^^ 
ipnciflc polymer uuiiiu composmons* 

SastBmed-idease VRP antibody c o mpositi o ns also mchtde I^MSomally emnpped antibodies. 
10 Liposomes ceamhungtiie VRP antibocBasara prepared lymeriiodslm^ 

€iaL. rrpg. Natl, A«di Sri, U5A, 323688 (1983); Hwang^irf- Prmi Natl Agad srf TTSA rr4taQn9sa\i 
andU^PatNoa. 4,4850)43 and 4 J44v545. Onlmarily,thelq)osomesarethesmaa(^xmt2004W 
mulamelar Qfpe in whidi the lipid contem is greater tha^ 

bemgatigusttdlbrthe optimal VRP aatibody therapy, t Jpft<«wn»^ irirFntatim> timft flrff tfecimtd 

IS hiU&PttBttNo*5J»34S& 

Anotitcr use oftiiepresemfevenriQn comprises hicoipofttiiiig VRP antibody Such 
articles can be nsed hi modiflmfngendotiielialceUgrowtii and angiogenesis, Inadi&ion,timiornivasioaand 
mettttsis may be modulated widi tiiese articles. 

Pcrthe pre ve ntion or treamiem of (fisease, die appiopiiaie dosage ofVRPantib^ 
20 fypeofdtsease to be treated, as defined above, the severity and couise of the dise 

admndsKred Ibr preventive or dienpeutie purposes, previous therapy, die patiemfs clm^ 

to dm VRP antOiody, and die discretion ofdieanaadiDg physician. TlieVRPamiboc^isstthablyadmmisiBied 

to die patient at one time or over a series of treanneiits. 

Dependmg on die Q^e and severity of die (tisease, abom 1 pg/kg to 13 mf^ofVR? antibody is an 
3S mitial c andidate dosage for admmisiration to the patient, whedier, for example, by one or more separam 
achnimstrations^orbycontinoousinfusmn. A typical daily dosage migfacrangefiomaboatipg/kg to lOOmg/kg 
ormore» depending on the &ctocs mentioned above. For repeated administrations over several days or longer* 
depending on die condition, die ticannem is sustahied until a desired suppression of disease symptom 
However, odierdosageregniensmay be useluL The progress ofthisdierapy is easily monitored by conventional 
30 techniques and assays, ioehidmgtlivexampie^radiographmnmiorh^ 

According to another e m bodi m ent of the tnventton, the effec ti v eness of the VRP antibody In pre v en t in g 
or treating disease m^y be impRived by admmistering die VRP antibody 

proteinaceotis agent diat is effective for those purposes, such as those enumerated below, or one or more 
. conventional dieiapeutie agems such as. for example, alkylating agents, folic acid antagonists, anti-metabolites 
35 of n ucleic acid metabolism, antibiotics, pyiimidine analogs. 5*fIuorouracil cisplatin, purine nucleosides, amines, 
anuno aci& triazDl nucleosides, or coriicosieroids. Such odier agents may be present in die eompositi n being 
administered or may be administered separately. Also.dieVRPamibodyissuiiablyadmmistered serially or in 
combination with ladlol gical treatments, whedier involving irradiation r administration of radioactive 
substances. 
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&imieembodiiiiem.vasculan2aacmoftu^ OneormoreVRP 
antibodies are administeied to tumor^reanng jntiems at therapeutically effective doses as detenntned. for 
example, by observing necimis of the mmor or its metasoticfoci^ This therapy is continued until such 
time as no fiinher beneficial effea is observed or clinical examination shows no trace of the wmor or any 
S m e t ast atic fi)cL Then the proteinaceous auxiliary s^em is administered aione or in combination 
audliaiya^oL Such agents iBckide.ej:,11^, an andbody capable of tnhibiti^ 
acriviqr of iFGF or bFOF or hepamcym giowtfi Ibcior (HGF). an lii VEGF antagonist as described in WO 
94/10202, japno; alpha*, 

betiky Of gamtnann tfi fei on , aHtH<ia<2 an tib od y t hetcgnlin. anti*heregBlaiantibo<^, O^lactoi^ iistetieukiii*! (IL* 
10 IX faiicrieakfai-2 (JLr2\ GM-CSF* or agents that prpmote microvascular coaguhition hi minors, such asantl* 
protein C antibody^ amH aot e i n S andbody, or C4b bmdmg pretem (WO 91/01753 published 21 FAmaiy I991X 
or heat or radiation. 

Since ifae auxiliary agents win vaiy in their eflecdveness it is desi^ 
ttmorbymairixsciceningtiiooiivamonaifiBhion. IheadnunisiianonofVRPant&ody and TNF and/or odier 
15 andliaiyagamiifepeainduma die desired dUadefibabachi^^ Ateaatively, die VRP andbo^ or 
a ntiiwdf c i aw adminiw e wd tp g e Ui er widi TNP an d, npriiw a ily , odier amcHiary agem(3> In instances where solid 
lonois are fouiid in the Ihnbs or In other loca t io n s susceptible to iaolaiion from the general ciicMfation, the 
theiapeuilc agents described herein are administered to tlM isolated mmor or organ. In other embodiments, a 
FGF or plaidet-derived growdi &etor (PDGF) antagonist such as an anti-FGF or an anti-PDGF neumllzmg 
20 antibody. Is administered ID die patkm in conjuncdonwidi die VRP antibody. TreatmemwidiVRP antibodies 
optimally may be suspended during periods of wound healing or desirable neovasculanzatioa. 

The VRP a ntib o d ies of the invention also are usefid as affinity purificatioa agents. In this process* the 
antibodies against VRP are hnmobilized on a suitable suppoit, sueh a Sepfaadex resm or filter paper, usmg 
2S mediods well known in the ait The insnobilized antibody then b contacted with a sainpiecontaimng die VRP 
to be purified, aiidthereate the suppoit is washed widi a suitable soivem that will remove sti^^ all the 
material in the sample except the VRP« which is bound to die immobilized antibody. Finally, die support is 
washed whh anodier suitable solvent such as glycine bufiGs; pH 5.0, duu will release die VRP fiom die antibody. 
VRP antibodies may also be osefitl in diagnostic assays for VRP» eg., detecting hs expre ssi on hi 
30 4ieeiSecells.dssnes.orsenmL Tbeantibod»arelabelcdindmsametehio^ 
are hnmoHlnBd on an hisohdsle matrix. VRP antibodies also are usefid for dw 

reoombhant cell cnhure or natural sources. VRP antibodies diat do not detectably cross-react widi odier proteins 
can be used to puriiy VRP free from diese odier known proteins. Suhable diagnostic assays for VRP and its 
antibodies are described above. 
35 IIL gsmefimental 

Bdow are examples of specific emb dimentsfrir carrying out the preseminventi n. The examples are 
ofioed frsr illustrative puiposes only, and are nm intended to limit die sc pe f die presem invention in any w^. 

All publications* patents and patent applications cited herein, whether supra or infra^ are hereby 
hieoiporated by reference in their entirety. 
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Isfflatign ^PWA Clgnw FinCTding Hyman Flt^ Rwmgr 

cONAsynchesiaoed fiommRNA puri&d from dxe human megakaryocyie leukemia ceil lineCMKl 1-5 
was amplified with redundam PGR primeis based <m the conserved regi^ Wilks. 
5 Prec Nail AaAJSfiLUSAi jfi: 1603-ld07 (1989). OneampltfiedfiagmemofaboutlSObpwtthauniqueDNA 
aeqaeBeB(desigiiatedSAl^l ortkl:P(nyUS93^ 
BHVfas fern CMIU 1-3 aid DAMI oeUs to obtain overlaid 
ofFMrese|MDr(1298antnoacidsX Itettquesca of ihs assembled Flt4.eaeodii« 
fimanaiierydttoleuicemmceUliimffahiso^ 
10 from imotticr repotted Flt4 sequence, (Maad0aL^QnsQSSDS, supra. Qmies encoding the long fonn of FIM 
0363 amino adds) weio consmtcted by synthesiang the £^ 
the published sequence. Paipsola at aL^ Qneoggwg. ^.typpa. 

RcmiMEJgGFmimi Pmtmm. Fltd/Tofi Anriti^ 

X5 a«l«l fACSAnalYiii 

FUyigQ (Paris gtoL^sypmu FBciyigG (Ptak etaUst^ RsedgG (GodowaU dL,£^ £2; 35^3S8 
ri99mandakflgGmemietttf Bfat. Qwm i^iuiA'yit pQO^p,,.^p,^^ ..^^^t^ 

thenxeftxences. For FMAgG^DNAencodtag the exiiacelhito domain of the RUiecep^ 
was spliced to the Fc region of a human IgG heavy chain at the unique Ss^ESl sitt in the phumid pBSSK-Fc 
20 0>BSSIC-CKZCH3). Bennett £tiiL J. Biol. Chm^266'. 2306Q>MQg7f 10Q1> Hxe open loading frame encoding 
FM/IgG was ckmed in the mammalian expression vecmr pRK5 (Suva 0 oL , Science- irrz 893-896 [ 1 987]) to 
SFieidthepiasnddpRKSJkligl.l. lliisplasmidwastvansftctedbydectropondon(Jansm 
293 cdls(ATCC CRL and after 3-4 days, FM/IgG was purified from th^ 

widi proiem A agarose (CalbiochemX Flt4antisennntm generated by faijectlmi of purified Flt4/IgGhiio 
25 rabbits. 

By usmg this iusion protein to screen ceU lines for membrsno-bound VRP by FACS analysis, one 
positive cell line was identifledt G6U described below. 

The human gHoma cell line, G61 (Hamel cr dl« J. Ngurmei. Re<.. 147*157 [1993]), was cutaued 
in FI2;DMEM (5Ch50) (high ghicose) contaitting 10% fetal bovine serum. 2 mM L-glutamine. and antibiodcs. 
30 For FACS analysts of Flt4/IgG binding to G61 colls, I mOlion ceUs were incubated whh 70 nM icceptor-lgG 
bsionpioiBm lnphosphate-buf6Biedsalme(PBSX 5% goatse^ 

stained with 10 |ig/mL biodn-SP-conjugated goat and-humaa Fc andbody and 10 |ig/mL R-phyeoerydirm- 
conjugated streptavidin (Jackson Immnno Research). G61 caused about a lO-fold shift in peak fluorescence 
mteosity that was specific for FIt4/IgG as crapaitd to Rsc/IgG, an unrelated tyrosine kinase receptor complex 
35 (Fig. 2X Attempts to expression ctone dixs putative reembtane-bound VRP by the transfecnon of pools of cDNA 
clones into COS cells followed by screening with labeled Flt4/IgG yielded n poshives from 640 pools of 1000- 
SOOOchmeseach. 
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ISQiarion of cDNA Clones Encndtng Human VRP 
A cDN A iibiary was p re p ar e d from poiyA-f- RN A isoiated as deserted in Cathala et at , DNA: 2; 329- 
335n9MlandAvivaiidLgdgr,Prne Ngfi A«id. M tTSA fio- I40M412 (1972) fiomifaeltiiinaa glioma ceU 
S line, G6L Hamei ei oL, supra. cDNA was prepared from this RNA with leageats from GIBCO/BRL 
(Superscript) and doned in the pfaomid pRKSB (Holmes erdL. Science. 253: 1278-I280 [1991D digested wfah 
2Qisl and £IfltL Clones encoding VRP were isoiaied by scncning the eONA library with symheiie 
oBfomideotide prabes based on an EST sequence (GeaBank locu^ 

mnhtoVEGF. TheESTscqiKncedfHSClWFlll u299bp8ndis36%identtcalto VEGFoverSOre^^ 
10 indnding an 11 of 13 residue nutchbeginiung at VEGF amino acid 56. The sequence Is as follows: 

r-CCGTCTACAGATGTGGGGGTKKnGCIAATAGTGAGGG 

AGCTACCTCACiNAAGACGTrATTrGAAATrACAGTGCCrrCTCT C TC A AGGCC^ 

CAATCACnTTKKXAATXIACACnTCCTQCCGATGCIATt^^ 

TCATlXXIATFATrAGAanrCCCnnGCCACCAACACT^ 
IS TGCCCCACrAATFACATGTGGAATAATCACATCTGCVGATGCC^ (SEQIDNa 

The sequenca of the oiigonodeocide probes ovh 1.4 and ovhl J employed are hidica^ 

7) 

ovhU: i'-GCATXnXKIACjATGTGATTATnXACIATGTAATroGTCGGGC^ (5EQ ID Ntt 

30 S) 

These two probes were 32p la,^ Iq^l,^^ 

mMNaa/3mMtrisodhmicitntBat55*C Janaaen. Ctment Protneoh fn Moleiaifar B tologv. John WHev A Sons 
(1995). Seven positives were identified and characterized from dSaoOO clones screened Hie positives ftU into 
three groups by restriction mapping and ON A sequencing. 

25 Clones VH1.4 (pRJCvhlAl) and VH1.6 tncluded the full coding region (Fig. 3A) and were sequenced 

completely. They differ only in length and tixe lack of two Ts prececding the 3* poly A sequence in VHL6. 
(none VH1.2 is eollmear witii VH1.4. Clones VHl J* and VHL7 are identical and have a 557 bp 

deletion when compared whh VH1.4 (a deletion of bp 519-I075X and done VHl.l has a 152 bp deletion when 
comparedwidiVH1.4(adebtionofbp924-1075% The nucleotide and deduced amino add sequences of VH1.4 

30 an shown m Figure 1. 

Tlie sequence comained an open readmg frame of 419 ammo adds begimung witii an ATG codon 
preceded by a purine residue at position O as expected for a translation initiation site. Kazakh Nucl. Actds Rea., 
J2: S57-872 (19S4). About 250 bp 5* of this ATG are two tn-framc ATG codons followed shortiy (4 or 10 amino 
adds) by a stop codon. Both of these ATG*s have a pyrimidine at position -3 and would not be expected to 

35 function as a soong translation initiation site. Kozak, supra. The encoded amino acid sequence imediately 
following the stan of the 4 19 ammo add reading frame is hydrophobic mdicative fan ammo-terminal secretion 
signd sequence. Pertman and Halv ison,2J^blLBiflLIfiI: 391-409 (1983). See Figure 3A. The most likely 
cleavage site for this sequence w uld be after amin acid 20. although cleavage f II wing residues 15 or 16 
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camMCb&exeiuded. von HeiSne- Nud. Acicfe Rea,. ^4; 4^-4fiOQ f iQgg) Hie pea reading fiame is preceded 
by aGC-ndi 5* untranslated region of about 380 bp and Mowed by a 3' untranslated region of about 400 bp. 
llie predicted tnatiire amino add sequence of huinan VRP conouns 399 ammo aci^ 
- 44«8 kDaX of whfefa 37 (93%) are cystesne residues: there are dm potennal N-Iinked giycosyiatioo sites 
5 (Ftg.3A). An alignment oftbe amino acid sequence ofVRP with the six fonns of VEGF and 

it is most similar to VEGFjji (32% identxcai) and PICFjj j (27% idemicaO (Fig. 38); the locations of 8 of the 
9cysiBneresidiesaneonserved WhibVRP does not comaia die regions ofbasie amino adds finmd in some 
tens of VECa^ and PIGF, It is considenbly iacser diaa V^^ 

itaenoleculethatiiaotfinmdinVBQF. TUs cyamitte^dQaiaia has four copies of the potm 
10 byie&aoo^iesiduesMoiwdlvC^XMowedbyC^ 

dnfOthnesinadiptnnBaibianiringSprarenL PtolsMB ef J. Moi. Bt<iy_ mjtAo f toon^ Widurat 
beiog limiiBd to any one dieory. VRP nmy nneract widi odte^ 

qfsttine residu es; S B c h an imemolecnlarinte ra c ri m i h a s bee^ FtaissonerdL, 

IS TwooflheGDNAcione8(VHUattdVHlJ)Gomainedamar5S7i^del^ 

VHM(Flg.3A). Bodi these detetioos end at dm aamenuHi^rift and are presumed to be die resu^ 
spiicmg. Bodi deletions would be expected to eneode die same fiamfr^hifiedp 

temimatesatastopoodonwUiinliammoadds. ThepmehicncodedbyVHUwoaUindiidettoneofdiecore 
qfStemeregioDshnilarMrjdiVEGF. VHLl comahismucfaoftheregioadiatissmiilarto VEGF:hsdeiedon, 
20 however, is notanalogoostt die variouslmomfbnns of Fenara«rdUji^Magiionecrat, 
npra; Hanser and Welch, 

F^nre 4 discloses an aiigmnem of VH1.4 (top) widi 1 1 EST cDNA sequences ftom GenBank. It is 
noiedthatthey ESTs are at die polyA end and tiiat the ESTs cover onlyalftd^ ^^^^^ 
sequence of VH1.4. 

25 ES6m£A 

Receptor fgn PrMfaittricm of 35<ui.ahiii^ vbp 

To determine whedier VRP is a Hgand for Fb4, expression plasmids contain 
as well as control plasmids (die expression vector abne or widi VEGF or PIGF DNA)« were transfected into 
00S7celh and die proteins labeled widi^^S amino acsis. Conditioned media fiomdiese ceils was precipatated 

30 widi Flt4/IgG and FBcl/IgG. Specifically, die VRP expression piasmid, pRK.vhl.4.2, was constructed by 
deledng about 360 bp of 3* untranslated sequence (5* of die Agfii site (Fig. 3 A) &om VH1.4). This DNA and 
control plasmids encodmg VEGFjg^ (Houck «f at, MflLBltorinflLi: 1806-1814 [1991IX PIGF (Park 
et aL, MuprdU or die vector alone (pRK5; Suva ef dL, xajpra) were transfected mto C0S7 cells widi DEAE- 
dextran. Janssen er o£, st^tra. Two d^ after transftcdon. die cells were pulse-Iabeied hi lO-cm dishes for 5 

35 hours widi 5 mL of mediionine- and cysteme-free DMEM supplemented widi 100 ^Ci/mL of ^^S amino acids 
(Pro-MLx™ brand: Amersham #SJQ0079) at 3r C. and then chased with DMEM for 7 h uis. TTie labeled 
conditioned medium was concentrated lO-foid by spin concentration (Centricon-10™ brand; Amicon #4203). 
Fifky |tL of di concentrated medium was incubated widi 3 f receptor IgG and 80 \kL of a 50% slurry of 
pratem A agarose (Calbtochem) vemight at 4* C. The precipitates were washed wirii PBS/0. 1 % Trit n X- 1 00, 
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boiled in SDS sampi buffer, and electrepiioresed on 12% SDS poiyaayianide geis (N vex #EC600S2). The 
geU were neated wirii autoradiography enhancer (duPont #NEF974) and exposed overnight at •TO'C. 

Two specific bandj of 53 kDa and 33 IdDa were precipitated fiora die VRP iranjfe^ 
these bands were absentia the vecm-tiansfection. Little or no specific precipitation ofdiese two bands was 
5 ««»«»'«*hm/IgGorFDcMgG. Attmie«.soii»VRPprecipitationwa^ 

VRPinqrhcvealow-affiiiqfinieFKdaawithFikl. Tnasfbctiaii with a VECF<«xpRsriiigpiasniid showed 
opeeted piecqiiiatiaii of asinng band of about 22 kDa with FIll^gG and Flkl/IgG(DeVria<f 

Q«iBnMtaLsupraimhat,eiaLmTaammaL.Bi^^ B?«,hv. r . 

pnciptuiion wi* FIt4/lga Similar experiinentswidi labeled PIGF showed oopreevitttiaB by FIt4/IgG, bat 
10 didgivetheexpectedprecipiationbyFltWgG.botaotbyFlltl/IgO. Paifc<(dL.Apm. Hula teodieatt that 
the VRP buids to die extncdhilar domain of die Flt4 receptor, but does not imetaa (or doea so much more 
weakIy)wididieVECFreceptoBFMorFIkl. Tliey also confiim the lack ofanintendion of VEGFwidiFW 
(Pajiisola«rat,QncagBnc. 2, «^ and hidicate that PIGF is also nota iigand fiirdiis recepw. 

^ TwDsine Ptuwiitinivhrin^ ftf nt4 R^nmtmr 

ToassvFIMtyiwmephoaphonrhdanCaliodBscribedmPCinj^^ 
fa2Wcelba«IFIt4phoiph«ytatonmooiloiedbyphoiphovo^ Speeifieally.DNAeBeadinK 
tfiekmgfimnofhmtianni4wasclonedhiiod»iBaminaliaBe«pressionvee»rpR^ 
die plasmid pRIUkl.3.1. This plasmid was oo«ansfected widi a piasmid contamfaig a mhoglycaside 
20 P«»q*«r»f«ase(neo) transcription unit mto 293 celhlvcaldura^^^ 

Ji(pmX»nd3tablytnnsfiwedlincsweresetaaedbygrowtfionG4l8(^^ One clonal ceU line expressing 
nM(etone31X as deiennmed by FACS analysis wifli FM/IgG andseium. and untnasfccted 293 eeto 
tadieFMiyRismepfaasphoiyladoaaasays. One ndUion cells m IOO|iLofFBSn.lHbovmesennnalbaiim 
(B8^«eremixedwidil00|iLofsampleandaicabatedat3rCfiirlSmhnies. Hh cells wen dien collected 
25 »y«««ri&gaijonandlysedin250iiLofai5MNaaiO%gl^ 

4 n/mL PMSF. 0.02 ukaL aprotinin (Sigma A6279X and 20 mM sbdhm onhovanadatt. FIt4 was 
immuiiupietipiuted by die addition of 8 hL of rabbit Flt4/IgO antisennn and 30 |iL of protein A agarose. 
Washed precipitates were boiled in SDS sample buf&r, electiophoresed on poiyaoylamide gels (Novex). • 
mBslmed to niinceihih)se (Janssen cr at, npmX and probed widi an and-phosphotyrosine monoclonal 
30 "*ody(Upsta«»BlotedBiotogy)andaiialkalfaephospha^ 

Samples conainmg VRP or VEGF were prepared by die elecmpontim of expressioa plasmids 
encodhig VH1.4 (pRICvhl.4i) or VEGF (Houck <f aL, supra) bto 293 ceils ami 20-fold concentration 
(Centricon-10. Amtcon) of die 3-day senmi-free conditioned medimn. In die receptor IgG competition 
experiments, dw concentrated conditioned media were pre-incubated I hour at 4»C witii receptor IgG. 

Witiiout stimulation. 293 cells expressing or not expressing FIt4 showed littie or no Flt4 tyrosine 
phosphorylation. Stimuianon of die Flt4-expressins cells by FIt4/IgG anusenim showed die tyrosine 
phosphoiylati n ftw bandsof 180 and 120 kDa. No increase above basal phosphorylation was obseived with 
pRimmuneseiuni.andn bands were found whhFlt4AgG antiserum stimulation of non-expressing cells. Tw 
Flt4 bands of about diis size have been repotted as being expressed By DAMl and HEL cells. Paiusoia et aL. 
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QncogeiicL g.jiiafgL In addition. SDS gd analysis of purified Flt4/lgG shows 
of 150* 80, and 70 kDa. N4errainaiaminoaeidsequenceofdieFll4AGpepddessliaws^ 
bands liavo tfae amino add sequence YSMTTPTL (SEQ ID NO: 9) (maiching die Fit4 sequence saning at 
residue 25) and duit die 80 tcDa band has tise sequence SLRRRQQQD (SEQ ID NO: 10) (matdiing die F!l4 
S sequence beginning at lestdue 473). Thus, bodi die FIt4/IgG and full-lengdiF1t4appeartD be paitially cleaved 
in die exiracelluJar domain* and die tyrosine pbospiioiylaied bands of 180 and 120 kDa observed in die FIt4 
phfBphoiyiatiott assays would conespood to die 150 and 80 kDap^ Ad£tk» of a polyclonal 

antisennn tbe Fll4 expRsstng cells showed dw lyrasme pbosphoryi^^ 

kDa* no bands wcio obsei ved n non^xpRSsng cells* These data stow that polyclonal antibodies gcneiaied to 
10 dio cKBracellwiar domajn of the Flt4 lecepior are capable of activating Flt4 tyiosino phosphiMylstiiou> 

To i ff Iff I uu ne wfaedicf VRP could acdvate die tyi wawe phosphotyiadoD of Flt4, con did b ntd meiBa fiop 
inammaKan cdls ttnniyfirctrd widi die VRP expression plasniid ivas assured. This conditfongd niftfiuiii snnuitaTfri 
dte^fiosinepixisphoiylatiooofdiesanie 180 and 120 kOa bands found widi die agonist poiyckmalantibodtes, 
denioasaatingdiat VRP is able to sdnndate die phosphorylation o£ as weU as bind to^FU^ Coadtdonedmedhmi 
15 from VEGF«e xpr e asin g cells Med to activate Flt4 tyrosine phosphoryladon. 

To confnm die spedfid^ of VRP bmding m die leceptois of die 
nkl/IgOp and Hdc/IgG were tested tedieir ability As 
cxpecied if VRP is a figsnd te FII4, FM/IgO pitvcBted die VRF^^^ 

Flkl/IgGt and Hkk/IgG, a fusion protein from an umelatt^ These 
20 datt show that VRP is able ID huhice die tyrasme phosphorylation of FlU 

EXAMPLES 
PurtficBiQn of VRP and Binding to Latelcd nt4/[gQ 
The leading fiamo encoding die N ^enninal seoedon signal se q u en ce and about 30 amino acids of the 
betpesgtycoproieiaD fLaskv and Dowbenko. DNA- 3: 23.29 ^10841: Pamica ^ eL. Pme. Matt, ^cad. Sef. 
25 101^22? 1 142-1 146 [1995]) were iiisedwidi a dioitlhdcer sequence to die pu^ 

FoUowittg secredon from manunaliatt cells, diis consmta is expected n give the N-iennhiai glycoproiehi D 
sequence* 

KYAUVDASLKMADPNRFRGKDU>VLDQ1^^ (SEQ ID NO. 1 1) foHowed by die masire 

VRP sequence GPREAPAAAAAFE (SEQ ID NO: 12X DNA encoding diis fusion protein was cloned hoo die 

30 vecaor pRK5 tt) give die plasmid pRlLvhl A5. This plasmid was mnsfeeted mto 293 cells by eiectroporadon 
(Janasen er aL^ stgfra% Bad VRP purified from die 3-4 day serum-free conditioned medhmi by monoeUmai 
antibody (5B£) afiBn^ chromamgrqdiy and quandtated by coloraneuic assay (Bio-Rad). This andbody is 
speeiffe for die glycoprofiein D sequence fused to die N-terminus of VRP. 

FIt4/IgG was todtnated id a specific acdvtty of 1000- 1 500 Ci/mmol with lodobeads^ brand lodinated 

35 beads (Pierce). Bmding was performed widi -20,000 cpm ^^I-FIt4/IgG and 12 ng VH1.4 gO fusion protein 
m PBS, 0.5% BSA, 0.02% Tween-20^ surfactant, 1 |ig/mL heparin (bmding buffer) containing 20 (iL of a 
50% slurry of glass beads conjugated to --30 ^g antt-gD monoclonal antibody (5B6) in a final volume of 100 \iL 
for 4«6 houn at 22*C Beads were collected by filtration (MiUipore Multiscreen-HV), washed fWe times wiifa 
200 pL bindmg buffer, and counted. For binduig at increasing conceiiiradons of F1t4/lgG (Fig. 5B) die buidhig 
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bufibr^ras DMEM (low glueose):F12 (50:50). 20 mM sodnim HEPES, pH IX 10% fetal bovine seninu 0^ 
^elattiii and 1 ^t^^lDiL hepanni 

The purified A/RPspedficaily bound to ^^I*FIt4/Iga, and the binding was not competed by tiniabded 
FItl/IgG (K- FDcl/IgC (Fig. 5AX Binding corapetidon with inatasing concentrations of unlabeled Flt4/IgG (Fig. 
5 5B) gave an EC^q for tiiis intenction of -0.7 nM, suggesting that die binding of VRP to Fit4 is of high afRni^ 
as would be exp ec t ed if VRP is a biologically relevant ligand for FIt4. 

BkMscimiainingpoiy(A)4-hnnianRNA were from Oomeefa. FortheG61 gUooaeellUne,5|igof 

poiy(A>fandpoMA)-RNAwereeieGBO|riioKsedona m agarose MftnnaMeityifegd and transfencd to 

10 0isocelfaiose(JfBisseD«rdL»ji^X Bloti were hybridised widi^P4abeled probes ovfaL4 and ovhl J an^ 

washed m 30 inM NaCV3 mM trisiidiimi ctiratt at src 

TbeCMl glioma oeU line used m die dotting ofVRP expresses a mqor VRP RNAba^ 

Vx Amittorbandofaboiit2.2kbmayaIsobepiesenL A 2.4 kb band was expressed in adult human tissues from 

heart, placenew ovary, and small mtesdne; a weaker band was found in lung, skeletal musde, spleen, prostrate* 

15 testis, and cokm. Expression of a 2.4 kbmRKA was also found m fetal lung and kidney. 

EXAMn,S7 
MhngenicActivftviifVftP 

To test whedier VRP has mitogenk activity like diat found fiir VEGF, die growdi of human hmg 

endodielialcefls was determined at uxcreasmgeoncen&adoQS of VRP or VEGF(H Specifically, human 

20 lung microvascular endodidtd cdls (HMVEC-U Ckmedcs. San Diego» CA) were maintained in die 
reco mmend e d growdi medium (EGM-MV widi 5% fetal calf sennnX For die assay of mttogenesis. low passage 
(<6) cdls were seeded at 6500 cellsAvdl in 4S-weil plates (Costar) and matntamed ovemij^uin die recommended 
growth medmm. The inedinm was removed, and the celb were maintained in die giowdimediw 
senim) widiflatb(»vmebramexBaa and supplemented widiVEGF or VRP. Afker four da^ die cells were 

25 remoivedwhfatrypsm and counted whh a Coutaer counter (Hialeah^FL). 

VRP protnoted die gromdi of these endodielid cdb (see Fig. 6X and dius diares diis mitogen^ 
widi VEGF. This is in contrast to PIGF« which has been reported to lack such mitogenic activity (at < 3 5 nM). 
ParkerdLn^ra. WhOe an ^Eecdve mitogenic agent. VRP was about 100 fold less potent dian VEGF in diis 
assay. 

30 In eondnsion, a novel secreted protem, VRP, has now been identified diat is a FIt4 ligand and dnt 

stimuhres die tyrosine phosphorylarion of die receptor ^rosine kinase nt4, VRP is a diird member of die VEGF 
protein ftmily and has about 30% amino add identity with VEGF and PIGF. In addition to the VEGF-like 
dmnain, VRP contains a «l 80 amino add C-terminal« cysteine-rich domain not fomd in other members of the 
VEGF family. VRP fails to interaaappredably widi die VEGF recepmrs FItl and Flkl. 
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DamiiflfMaicrial 

TlmMowii^piasmidbasbeendeposittdwiththeAfflei^ Paiidawn 
Dfivc RockviUc MD, USA (ATCQ: 

£laazud ATccn«i no r^o^nf^ 

S pRK.vhl.4.1 97249 September 1995 

This deposit was made under the provisions of the Budapest Treaty on the huenational Recognitton 
of the Dqxisit ofMlcnxirganisnii fiir the Purpose of Patent Pneedure and the Regulatians thcRimder (Budapest 
Itaqr). This assures m ai m ena n c e ofaviaMecuitnreofdiedeposftfhr 30 yean TTie 
deposit wfll he made aivailable hy ATCC imder the tamm af thm Hmfapiiy Tffi^, ffnd flibj tc t tq an agnffmem 
10 bet«eettGaieatBch.In&andAT€awhichassunspein^ 

cotanre of the deposit to the public upon issuance of the pettinent patett or upon iayhig op^ 
of any or foreign patent application, whichever comes and 

dctetmmedbytheUAConunisstonerofPatentsandTradcmaikstobeen^ USC 
S122 and die Conmissioiier'snilespuisttau thereto (uicludmg 37 CFR §1.14 widi paitiailarieference to 886 
15 OOOg). 

Ttaeassi^ of the presem ai^licatioD hasacteed that if a cuhme of die plam 
or be tost or desooyed when culthraied under suitAle cOTdWo^ 

notificattonwidiamnherofthesameplasmid. AvailabiliQrofihectepositedpiasmidbnottobeoonsimedasa 
Ucense to practice the mvention in connavention of the ri^ 

20 aceoidancewidi its patent laws. 

The foregoing written specification is considered to be suffidcm to enable one sicUled in the ait to 
pnctediemvemion. ThepresemhminionisnotTobelhttitedhiscopebydieconsiraadeposhBdsmcBthe 
deposhed embodhnent is oitendedasa smgie iUusmrtion of eeitam aspects of the invention and any constructs 
thatarefhnetioiially equivalent are whhin die scope of this m 71m deposit ofmaterialherem does not 

25 consdnite an admission diat die written description herein contained is inadequate to enable die pmctice of any 
aspect of die mventton, mchiding die best mode diereoC nor is it tt> be consnued as limiting die scope of die 
dahns to die specific iUusoations diat It represents. Indeed, various modifications of die invention in addidon 
to diose shown and described herem will become apparent to diose skilled m die art from die foregomg 
desoipdon and &II widun die scope of die appended dahns. 
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SEQUENCE LZSTZ2S6 

(X) GENSSAL IKFOSHATZCSII: 

(i) APPLICANT: Qenenrech* Inc. 

(11) TXTLS OF ZIWENTZOK: VE6F«Relatad ProCttia 

5 (ill) SOHBBR OF SSQDBECESs 12 

(IV) CQBBESPOmENCE ADDRESS: 

CJU AX3DBSSSSB; Gaaencttch, Xxic. 

(B) StSBBT: 460 Point; San Bruno Blvd 

(C) CZR: Souch San Ftanelaco 
XO (D) STATE: Califoxala 

(B) COOBTIiY: USA 
(F) ZIP: 54080 

(V) COMPUl ' KK PBADABLB FOBH: 

(A) MBDXUM TYPE: 3.S inch, X.44 Hb floppy dl8)c 
15 (B) GQMPUTER: IBM PC CQBpadbXe 

(C) OPBRATIBO SVSTBH: PC-00S/MS«00S 

(D) 80FT6CISS: HlaPatln (Gaaantttch) 

(vl) CURHENT APPLXCAXIQH QAXA: 
(A) APPLZCATXON HUHBER: 
20 (B) FtLXm DATE: 

(C) CXASSIFXCATXONs 

(Vlil) ATTOKMEy/AGENT INFOSMATIQH: 

(A) NAMES Lea, Wendy M. 

(B) BS6ZSTBATX0N NUMBER: P-40,378 

25 (C> RBFERSNCB/OQCEET NUMBER: P0963PCT 

(Ix) TEZ.ECOHM0NICATIQN INFORMATION: 

(A) TSLEPEONSt 4IS/225-X994 

(B) TSX£FAX: 4XS/9S2-988X 

(C) TELEE: 9X0/371-7X88 

30 (2) INFORMAXIQN FOR SEQ ID NO:X: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENG7B: 2031 base pairs 

(B) TYPE: NUelaic Acid 
CO STRANDSDNESS: Singla 

35 (D) TOPOLOtSY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:1: 



CG08GGGT6T TCT6GTGTCC CCC0CCCC6C CTCTCCAAAA ASCCACACCG 50 
ACGCG6ACCG CGGCGGCGTC CTCCCTCGCC CTCGCTTCAC CTCGCGGGCT 100 
CCGAATGCGG GGAGCTCGGA TGTCCGGTTT CCTGTGAGGC TTTTACCTGA ISO 
40 CACCCGCCGC CTTTCCCCGG CACTGGCTG6 GAG6GCGCCC T6CAAAGTTG 200 
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G6AACGCGGA GCCCCGGACC CGC7CCCGCC gCCTCCGGCT CGCCCASGGG 250 
G GG TC G CC 6G 6AGGAGCCCG GGGGA6AGGG ACCAGGAGGG GCCC6C6GCC 300 
TCGCAG6G6C GCCCGC6CCC CCAC CC CT G C CCCOSCCAGC GGACCG6TCC 3S0 
CCC3VCCCCCG GTCCTTCCAC CATGCACSTa CTtSGGCTTCT T C T C T G TSGC 400 
S (■WX ' C T CTG C tC UC C C CT O CO C T OCTCCC G6QTCCTC6C CaCGCGCCCQ 450 
CCQCOGCCGC CGCCTTCGAG TCGGGACTCS ACCTCTCGGA CGCSXSA6CCC SOO 
<3A06CSGGC6 JU3GCCACGGC TTMSCMfiC AMOATCnO AISSRfiCAfiTT 550 
A066TCX6T6 TCCAGTGXA6 AXGAACTGIT 6ACTGXACTC TRCCCftCAAT 600 
AXT6G3UVA1VT GT3VCMGTQT CAfiCTSUUSGA AAfiOftOGCTQ QCAAOUAAC 650 

10 AffllgRACAGQ CCAACCTCM CTCMfiGACA GaAOAGACni tMAftXTTGC 700 
TOCAGCaCAT TAXAftZACAG AQATCTTGIUl JUUSXUTGM AA3CBIGZ6621 730 
QJJkAGACrCA AT8CRSQCA OSGMLsGWl' GTKX3USATGT GGGQMGGftiS 800 
nraGAOTCG CQACAAACAC CTXCTmM CCTCCAStara WT C e BT C I A 850 
C3U2AT6TCSGG G6TT6CTQCA ACA6TGA6GG GCTQCAGTGC AIQAACACCA 900 

X5 GC2108A6CZA CCTCAGCAAfi ACGTtATnG AAATTAdUST GCCTCTCXCT 950 
GMfiGCCCCA AACCaOXSUlC AASCAGnTT GCOlATaiCA m't lCmCCU 1000 
XZGCA.TGTCI AMCTGGIITG 'VTTACTgftni ASTTCanCC JVXTATTAGAC 1050 
tflTCCCT S CC A6CAACACT31 CCJiai S WT C AGSCAOCaAA CMSACCZGC 1100 
OCnCCAATT ACAT6TSQAA TRRgCMATC TGSCAfiATQCC TtSGCTCAGGA 1150 

20 AGATTTTAXG nRCCTCGG AT6CXGI3AGA T€ftCTCAAlGl QJCTSGATTCC 1200 
ATCAOITCTG T6GACCAAAC AAGGAGCTGG ATCSAAGA6AC CT G TC A CTCT 1250 
GTCTGCASAG CGGGGCTTCG 6CCT6CCAGC TG7GC3ACCCC ACAiUUSAACT 1300 
AfiACAOAAAC TCATGCCAGT GT6TCTC3TAA AAACAAACTC TTCCCCAlSCC 1350 
AAZGTGG6GC CAACCCSAGAA TTTGATGAAA ACACAT6CCA GTGTGtATGT 1400 

25 AAAAtSAACCT GCCCCAGAAA TCAACCCCXA AA T CCTGGAA AA3GTGCCTG 1450 
TGAaTGTACA (SAAAGtCCAC AGAAATGCTT GTTAAAAGGA AASaUGTTCC 1500 
ACCACCAAAC AT6CAGCTGT TACA6ACGGC CAT6TACGAA CCGCCA6AA6 1550 
6CTTGTGAGC CAGGATTTTC ATA7A6TGAA GAAGTGTGTC GTTGTGTCCC 1600 
TrCATATTGG AAAAGACCAC AAATGAGCTA AGATT6TACT GTrTTCCAGT 1650 
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TC a r CG &TTT TCtHTTATGG AMACT6TGT TGCCftCAGlA GAACTGTCTG 1700 

TGAA018A6A GACCCTTGTG 66TCCA7GCT AAOUAGACA AAAGTCTGTC 1750 

TTTCCTtSAAC CA3GTGGA3A ACTTTACAfiA AAIGGACTGG AGCTCATCtG 1800 

CAAAAGGCCr CTT6TAAAGA CmU ' l ' lTTCl GCCAATGACC AAACAGCCAA 1850 

5 OAnRCCrC TTGTCSATTTC TTIUUUUISAA TGACXATAXA AITXATITCC 1900 

ACXAAAAATA T7GRTCT6C AXTCaRTTT AXACCAACAA CAATT6CSTAA 1950 

AACTCACltjT GAXCAAXATT TTTATATCAT 6CMAATAT6 TTTAAAAZAA 2000 

AA3GAAAAXT 6XARAAAAA AA A AAAAAAA A 2031 

(2) ZHFOSMfttZOH FOft 5&Q IS H0s2: 

10 (i) SBQCB7CS CHABACtERXSTICS: 

UU LSBRSTS; 2031 baae pairs ' 

(B) nvBi Huddie Acid 

(C) STSAIDSZaBBSSs Sijsgle 
(O) TOnUGY: LiBMT 

15 (Xl) SEQOESCS I3SSCRZSTZ0H: 5EQ ZD I1D:2: 

TRTTmrX TCTTTXAASA CAKTTTTCAIt TCTAnTTAA ACASiARTTS SO 
G31II8ATA3AA AAAXASTSAT GlCAfiTQAfiT mACaVATT GnTGTTGCTA 100 
TAAAAAT6AA TGCASAAACA ATATTTTTAG TGCAAAXAAA TTAXAXA6TC 150 
AT7CTTTXAA AfiAAAZCACA A6A6GAAAAT CTT6GCTCSTT TGGZCAZTGG 200 

30 CMAAAACa U'i'CT'lTACAA GAGGCCTTTT GCASAmGC TCCAffZCCAT 250 
nCTGZAAAS TTATCCACAT GGRCAOCSAA AGACAGACXT TTQTCTTTGT 300 
TASCA76GAC CCACAAfiGGT CTCT C Tffn' C ACA6ACAGIT CTAC ZGZG G C 350 
AACACAGlTi' TCCAXAAXA6 AAAATCGAT6 AACTQGAAAA CAfiTACAAXC 400 
TTAGCTGATT T6T6GTC7T7 TCCAATATGA AGGGACACAA CGACACACTT 450 

25 CTTCACTATA TGAAAATCCT GGCTCACAAG CCTTCTGGCQ GTTCGTACAT 500 
C 8GO 0 G TCT G T AACAfiCKSCA TUt ' liUiiG G TGGAACTTCT TTCCTTTTAA 550 
CAASCATrrC TtjTGGACTTT CT9TACATTC ACACSGCACAT TTTCCAGGAT (00 
TTAG666TTG AT7TCT6G6G CAGGTTCTTT TACATACACA CTG6CATSTG 650 
TITTCATCAA ATTCTCGGTT GGCCCCACAT TCGCTGGGGA AGAGTTTGTT 700 

30 TTTACAGACA CACTGGCATG AG T Tf CTGT C TAGTTCTTTG TGGGGTCCAC 750 
AGCIGGCAOG CCGAAGCCCC GC7CT6CAGA CACACTGACA GGTCTCTTCA 800 
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TCCACCTCCX TOTTTSGTCC AOWATCTCA TOCaU«CC3Wr CTGTTCaCTC 850 
AXCTCCAGCA TCC6AG6AAA ACmAAATC TTCC7G A GCC AS6CATC76C 900 

AnarGTGAR xncaaoQ tm t s qq t oq ggousgtctt gttcsctgcc 9So 

tSACACT S T S QXAtfWriCC TGOCAGGGAA CGTCnAXAA ttSGMTCMC 1000 

5 TTSTCTGT2UI ACSLTCOUSR T3U3ACAX6C21 TOSGC A OSAA. QSGKATXtSQ 1050 
C3UUUMSWAT TGTTACTGGT TTG8GGCCTT OACa&AGAGO CACTGTAJWXT XlOO 
tCAAAXAACe TCnGCTGAO CfflAg C T CB T G CTGGIGTTCA TGCACreCAG 1150 
CCCCXCACTA TTGCSVCCAAC CCCCACATCT OtAfiACGGAC ACACAT66AG 1200 
ORXAAAOAA WA ' m TT G T C QC GA CT C CAX ACTCCTTCCC CACA7CTAXA 1350 

10 ^TUTP i fT T^ ^ GZG6CA3GCA TTGAGTCtTt CrCCACrOVr TAiZCMXACT 1300 
mCAAGATC TCSGTATXAT A A! ICT QCT S C AfiCaUVARTT ATASXCTCTT 1350 
etQXCCTTOA Un ' UMiaxaG GCCTBTTCTC IGimVIW CCMCCTCCT 1400 
TTCCrnUSCT (SACACSTOA CASTTTCCAJI miTCTGGGT AdAfiXACAfiT 1450 
CASGAGTTCA TCtACACTGG ACACAfiACCS TAACXGCXCC TCCAG Al 'CIT 1500 

15 T8CTT6CAXA AGCCGT6GCC TC6CCCQC6T C6G6CTCC6C 0TCC6AGAGG 1550 
mSAfiXCXXSG JkOCGMGaC GQCOGSCGGCS GGG66C6CCT CCCGAfiGSlCC 1^00 
CXSGGAfiCAGC ACA6C6GC6A GCAGAOAACA OGCCACAjSAa AAOAAfiOCCA. 1650 
GCAACTGGtf GGrXGGAAGGA CC6G8G6T60 6GQACCGGTC 0GCTGQ0SG6 1700 
OQCAfiGGCSTG 6GGGC6CGGG CG C CCCI G CG AfiQCCGCGGG CC C CT C CTG O 1750 

20 T OCCICTC CC CCeGGCTCCT CC06QCSACC CC O OCI GgS C (StUSCaSGfUSS 1800 
CGGCGGGA6C G G STCCSGGG Cl ' CfUeuri ' C CCAACTTTGC AGGGCGCCCT 1850 
CCCAGCCAGT ACCGGG6AAA GGC66C6G6T GTCAGStAAA AGCCTCACAG 1900 
OAAACGCSGAC AZCCGAGCTC CCCXSCATTCG GAOCCOSCGA OGTOAAfiCGA 1550 
GG6CGAG6GA GGAC6CC6CC 6G6G7CC6CS TCGGTGTAfiC TnTTGGAGA 2000 

25 OOOSGGGCGG GGOACACCAG AACACCCCGC 6 3031 
(3) Z5F0RMATZ0II FOR SEQ ZO 2IO;3: 

(i) SEQUENCE CHAHACTERISTZCS : 

(A) LEETSTH: 4X9 amino acids 

(B) mrPS: Amino Acid 
30 (D) TOPOLOGY: Linear 

(Xi) SEQOEZYCE DBSaavnW: SEQ ZD HO: 3: 
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Mat; Sis X*«u Leu Qly Phe Phe Ser Val Ala Cys Ser Leu Leu Ala 
15 10 15 

Ala Ala Leu Leu Pro Gly Pro Arg 61u Ala Pro Ala Ala Ala Ala 
20 25 30 

5 Ala Ptse 61u Ser Gly Leu Asp Leu Ser Asp Ala Glu Pro Asp Ala 

35 40 45 

Gly Qlu Ala Tbr Ala Tyr Ala Ser Lys Asp Leu Glu Glu Gin Leu 
50 55 SO 



10 



Azg Ser Val Ser Ser Val Asp Glu Lea Met llir Val Leu Tyr Pro 
€5 70 75 



Oltt Tyr Trp Lys Met Tyr Lys Cys Gla Leo ktg Lys Gly Gly Ttp 
BO 6S 90 

Glu His Asa Arg Glu Gin Ala Asa Leu Asn Ser Axg THr Glu Glu 
95 100 . 105 

15 Tte Zle Lye Ptae Ala Ala Ala His Thr Asn Tbr Glu Zle Leu Lys 

110 us 120 

ser Zle Asp Asn Glu Trp Arg Lys Thr Gin Cys Met Pro Arg Glu 
125 UO 135 

val cys Zle Asp Val Gly Lys Glu Phe Gly Val Ala Thr Asn Thr 
20 140 145 150 

She Phe Lys Pro Pro Cys Val Ser Val Tyr Arg Cys Gly Gly Cys 
155 ISO 165 

Cys Asn Ser Glu Gly Leu Gin Cys Met Asn Thr Ser Thr Ser Tyr 

170 175 ISO 

25 Leu Ser Lys Thr Leu Phe Glu lie Thr Val Pro Leu Ser Gla Gly 

1S5 190 1S5 

Pro Lys Pro Val Thr Zle Ser Phe Ala Asa fits Thr Ser Cys Arg 
200 205 210 



30 



cys Met Ser Lys Leu Asp Val Tyr Arg Gin Val Eis ser Zle Zle 
215 220 225 



Arg Arg Ser Leu Pro Ala Thr Leu Pro Gla Cys Gin Ala Ala Asn 
230 235 240 

Lys Thr Cya Pro Tbr Asn Tyr Met Trp Asn Asn Kis Zle Cys Arg 
245 250 255 

35 Cys Leu Ala Gin Glu Asp Phe Met Phe Ser Ser Asp Ala Gly Asp 

260 265 270 

Asp Ser Thr Asp Gly Phe His Asp Zle Cys Gly Pro Asa Lys Glu 
275 280 285 



Leu Asp Glu Glu Thr Cys Gin Cys Val Cys Arg Ala Gly Leu Arg 
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290 295 300 

Pro Ala Ser Cys 61y Pro His Lys Glu Leu Asp Ar? Asn Ser cys 
305 310 315 

Oln Cys Val Cys I«ys Asa I*ys Iiou Phe Pro Ser Gin Cys 61y Ala 
5 320 325 330 

Asa Arg Glu Phe Asp Glu Asa Ilur Cys Gla Cys Val Cys Lys Arg 
335 340 345 

tlir Cys Pro Arg Asa Gla Pro Leu Asa Pro Gly Lys Cys. Ala Cys 
350 355 360 

10 Gltt Cys thr Glu Ser Pro Gin Lys cys Leu Leu Lys Gly Lys Lys 

365 370 375 

Vbm ais Bis Gin thr Cys Ser Cys Tyr Arg Arg Pro Cys Thr Asn 
3S0 385 390 

Arg Gla Lys Ala cys Glu Pro Gly Phe Ser Tyr Ser Glii Glu Val 
15 395 400 405 

cys Arg Cys Val Pro Ser Tyr TTp Lys Arg !?ro Gla Met Ser 
410 415 419 

(2) IKFORMATIOKX PGR SSQ XD 110:4: 

(i) SSQOSSCB CBMUUCSERXSTZCS: 
20 (A) UKGTB: 147 amiao acids 

(B) TTPE: AxBiao Acid 
(O) TOPOLOGY: Linear 

(xi) SSQtZESICS OBSCSIPTIQy; SSQ ZD HOt4: 

Mee Asn Phe Leu Leu Ssr Trp Val Bis Ttp Ser Leu Ala Leu Leu 

25 1 5 10 . 15 

Leu Tyr Leu His His Ala Lys Trp Ser Gin Ala Ala Pro Mat Ala 
20 25 30 

Glu Gly Gly Gly Gin Asn Bis Bis Glu Val Val Lys Phe Met Asp 
35 40 45 

30 val Tyr Gin Arg Ser Tyr Cys Bis Pro lie Glu Thr Leu Val Asp 

50 55 60 

lie Phe Gin Glu Tyr Pro Asp Glu lie Glu Tyr He Phe Lys Pro 
65 70 75 

Ser Cys Val Pro Leu Met Arg Cys Qly Gly Cys Cys Asn Asp Glu 
35 80 65 90 

Gly Leu Glu Cys Val Pro Thr Glu Glu Ser Asn He Thr Met Gin 
95 100 105 

Zle Met Arg He Lys Pro His Gin Gly Gla His tie Gly Glu Met 
110 115 120 
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S«r Ph. L*tt Gla His A« Ly» eye Glu cya Arg Pro Ly» Lya Asp 
"5 130 135 

Arg Ala Arg Gla Glu Lys Cys Aap tya Pro Arg Arg 

145 147 

5 (2) XBFORHATION FOR SBQ ZD IIO:S: 

(1) SBQUJUIUK CBABACTSRZSTZCSi 

(A) IBHOXBi 149 anoBO aeida 

(B) TtVS: Amino ^"ir i 
(O) TOPaLOGY: Xilaear 

10 (ad) SBODBaCS OBSCBZPTZOIi SBQ ZD 110:5: 

»W:PtoV«litotArgLeu«MProcy«PliaUuaiaUuL«iAl« 

* 1 5 4 A 



10 



15 



BlytaaAlaLauProAUVWProProOlaOlaTrpAlaLattSar 
" 25 30 

IS Ala Gly Aaa Oly ser S«r Glu Val Glu Val Vkl Pro Pha «ln Olu 

" 40 45 

V»l T«p Gly Arg Sar Tyr Cya Arg Ala Lau Glu Arg Lau Val A«p 
»» 55 « 

V!al Val sar Glu Tyr Pro sar Glu Val Glu Hia Hat Pha Sar Pro 
«5 70 75 

8«rCy«ValSarLauLauArgCya««oiyCysCy8GlyAapOlu 
M 85 90 

Aaa Lau Hi. cya Val Pro val Glu Thr Ala Aaa vai Thr Mat Gin 
»' 100 105 

25 Lau Lau Lys Ua Arg Sar Sly Aap Arg Pro Sar Tyr Val Glu Lau 



110 115 



120 



Thr Pba s«r Ola Hi. Val Arg cya Glu cya Arg Pro Lau Arg Glu 



128 130 



135 

Lya Mat Lya Pre Glu Anr Cva Olv a« &i. w-i » . . 

30 140 



Lya Mat X.y« »«• Glu Arg Cya Oly Aap Ala Val Pro Arg Arg 

145 149 

(2) ZaPORMATIOir FOR S5Q ZD NOs«s 



(i) SEQOEnCS CHASACTBRISTZCS: 
(A) LENGTH: 299 base pairs 
(B> TYPB: Nucleic Acid 
35 (C) STSANDBDNESSt Single 

(D) TOPOLOGY: Linear 

(Xi) SEQOEirCE DESCRIPTION: SEQ H) NO: 6: 
CCWICIACftG ATQTGGGGGT TQCTGCAATA GT6A6G6GCT GCAQTGCATG SO 
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AACACCACOl CCACCmrCT CAGNAAGACG TOTTTGWA TtACAGIGCC 100 
TCICICTOU GGCCCCAAAC CafiTWCAAT CMXTTIGCC AATOUaCTT ISO 
CCWCCGATG CATGTOTUA CTGGAWTTT AaOAOUGT TCATTCCJITT 200 
AIMCGTr CCCTGCCAGC AAOCtACOl CAfiTGTOUW CACCGAACAA 250 
5 GACCKCCCC ACCAATTMA TGTGOAATWl TCAOITCTGC WATOCCTG 259 
(2) JMPOBMATIOK FOR SEQ ID liO:7: 

(1) SHQDB MCB CB MACTSSLIS71CS : 

(A) LBBRSTB: SO hue palra 

(B) T»B: 2IUcleic Acid 
^® <C) STHARDEDHESS: Slagla 

on TOPOUCTs Liix««r 

(Xi) S8QQBHCS DESaumcar: SSQ ID sot 7: 
CTGWOTTCA TGC^ 

(3) maatwnas for seq id itoss? 

" tA> SHQO mCB C HAKACTSRISTICS: 

CA) LBHCTH* 50 baM pairs 

(B) TYPBs nucleic Acid 

(C) STRAKDBDNESS: Siagla 

(D) T0P0LCX3V: XAnmmx 

20 (xi) SSQDBNCE OESCRIPTIOII; SSQ ID nO:8: 

««rCTGCAG ATGIGATtAT TCCACAWTA ATTOCTGCGa CAOGTCTTGT SO 
(2) IBKRMAROir FOR SBQ ID HOtSz 

<i) 3EQD EWCE C HARACTERIsnCS j 
(A) LENGTB: 8 amiae acids 
2S (B) T»Bi Amino Acid 

(D) TOPOLOGV: Liaaar 

(xi) SSODENCB DESCRIPTIOT: SSQ ID 110:5: 

Tyr Sar Mat Thr Pro Pro Thr £.au 
^ 5 8 

30 (2) IMFOHMATIOM FOR SBQ ID MO: 10: 

(i) SBQOEUCE CHARACTERISTICS: 

(A) IiENGTH: 9 amino acids 

(B) TVPE: Amino Acid 
(O) TOPOLOGY: Linear 

35 (xi) SEQOEBCS DESCRIPTION: SEQ ID N0:10: 

Ser Leu Arg Arg Arg Gin Gin Gin Asp 
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(2) ZaFOKMATZON FOR 5SQ ZD 2I0:1X: 

(1) SEQUENCE CHARACTERISTZCS : 

(A) ZiSSGlR: 40 anixio aeida 

(B) TYPE: Amino Acid 
(D) TOPOLOGY: Lixiear 

(Xi) SIKJOBIICS OBSCRZTTXatIs 88Q ZD B0:X1: 

Lya Tyr Ala Leu Ala A»p Ala ser Leu Lys Net Ala Aep Pro An 
^5 XO IS 

Arg Pile Ax? Oly Lye Aep Leu Pro Val Leu Aep Gin Leu Leu Glu 
20 25 30 

Qly Gly Ala Ala Hie Tyr Ala Leu Leu Pro 
35 40 

(2) ZHFQRMATZOBI FCR SEQ ZD IIO:12: 

X5 (i) SEQfDEMCB CHARACTSaZSTZCS : 

(Al LEfiRTCB: 13 amino acids 
CB) TSPE: Amino Acid 
(D) TOPOLOGSr: Linear 



10 



30 



(xi) SEQaSNCE 0BSCRZPTZQN: SEQ ZD N0:12: 

Gly Pro Arg Glu Ala Pro Ala Ala Ala Ala Ala Phe Glu 
* 5 10 13 
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WHAT IS CLAIMED IS: 

1 . Isolated bioic^caUy active human VEGF-related pmetn (VRP) comaining at lease 26S ammo 

acids* 

2. The proteiii of claim 1 containing 265 to about 450 amino acids. 
5 3. Tlie protein of claim 1 containing about 3(XM50anunoact^ 

4. Tte inoiem of daim I oonainmg about lSO-450 amino adds. 

5. llie imxein of daim I contatning about 399-419 amino addsL 

6. TheproiBtnofdaimlcomigisinganaminoncidseqowcBfaaw^ 
29« indusive, of Figme 1. 

137, inchisive» of Figaro 1. 

S. The promin of claim6comprising an amino acid sequence hav^ 
29, indusive, of Figure 1. 

9. The jawein of daim6comprisfag an amh» add sequence h 
IS 137, indnsive, of Figaro L 

la Isolated btologicafly active human VEGF^ielamdpiamiH (Vl^ ciimpkfHgMnmHfl^ ftctd 
sequence compridng at least lesidues -1-1 tfarougfa 29, sicfamv^ 

11. Theprotein of daim IDcomprising an amino acid sequence having atleasirosidues-t'l through 
137, indudve, of Figure 1. 

20 12. Hie protein of claim 10 co m pr i s in g an amino acid sequence having at least residues -20 

tfanogfa 29, hidasive» of Figure 1. 

13. The prMem of claim 10 comprismg an amino add sequence having at least residues •20 
doough 137, mdusive, of Figure 1. 

14. Isolated biologicaUy acdve human VEGFiehued protein (VRP) comprising an ammo add 
25 sequence shown as residues -20 through 399. inchuive, or residues I through 399. tndusive. of F^ure L 

15. 



1. 



Id. 



1. 

30 17 



The protein of claun 14whereindiesequenceisshownas*20dsough399*indusive,ofFigure 
The piDidn of dahn 14 whetdn die sequence is shown as 1 through 399. mdusive. of Figure 



A composition comprising the protein of claim 1 and a phannaceutiGdly accept ab le carrier. 

18. A pfaannaceutical composidon useful for promotion of vascular endodielial ceil growth 
comprising a therapeutically efifecdve amount of the protein of clann I in a phannaceutically acceptable carrier. 

19. The composidon of claim IS further comprising a cell growth factor other than said protein. 

20. A method for treating trauma affecting die vascular endothelium comprismg administenng to 
35 a mammal suffering from said trauma an efTective amount of the composidon of dahn 1 8. 

21. Themediod of claim 20 furdier comprising administermg m said mammal an effective amount 
of a ceU growdi factor odier dian said protein. 
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22. Amethodfortreanngadysfuaaionalsotechaiictt^ 
mhiWtiGnofareceimjrferVRPm 

tteeonpaattoii of claim 17. 

23. AawlwdtojtinniJatingttephosplHayl^ 
5 CMBprisiDgeoiiaedBganoaacdtotardomam 

24. AchimcricpolypepiiJuuiuitnaiBgttopw^ 

25. Aaonoekind«itilHMywliich«iidsiadie^^ 
aoiviqr of the pratoL 

26. TJ» antibody of claim 25 w*ereiB tte totogicri aed^ 
1.0 »«»w«teio«im or vascular permealM% 

27. A cc mp w iu m compriaiig tfaeamibody of daim M and ■ ph« m«.«tt^ ny ti 
23. A mediod of treating diseases or disoiden cfaancterized by imdesiiBbie exceaave 

w«>w«teiawiorvaaeolarpeimeabi%inam^ 
•BMant of the canposiiiao of daim 27. 
XS 29. AmediodfirveaihigtdyiftnajeaalsatadHaoaizBdby 



of aimp torftrVRP hi a mammal oaiprisingadminisieriBgtD the mammal aae^ 

conpothioii of dain 27* 

3a Amo«)doiiala«ibodywhidibhidstotfieN.tmniialiKi«h«*^ 
indBive. or ihimiesidiies 1 through 137, hurfusive, of tte 

ao 31. ApeiitideeoBsis6igofaaamim»aeidseqttenceahownasi«sidues^ttaough.l, 

ofTigml. 

32. A method fertieatingady alm ft k i n a l s tat e duBactaiad by ewca^ 

of a meqimr VW hi amammal comi»ish« admmtstering to diemammalan elle^ 

MBiMlQOBiSXm 

" AmeifaodfortitaiinslC^ion^sag^ 
an effective emouoi of a VRP antagonist 

34. An isolated noeiete add moiecitle encoding the protein of any one of claims M6 

35. Tte nndeic add wolecttle of claim 34 tofaercomnrising apmmiite>.>,^h^ nni^ tttft 
nodeic acM molecule. 

A vector comprising the nudeic add moleeula ftP i^if iin 34. 
37. An expRssion vector comprising the nudeic add molecule of datm 34 opeiabiy Indeed to 
control sequences lecogniZBd by a host cdl tiansfonned with the vector. 

3S. A host cell comprising the nudde add molecale of efaiii i 34. 

39. A mediod of producing VRP comprising culturing die host ceU of clahn 38 and lecovering 
35 VRP from die host cdl culture. 
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FIGORE lA 



aa^«.**g»» A(a c cACACB cGeeeaccoB aACA uiiiii ' m^ Ttwwer Twrnro u tJ 

«1 CBBCUU^l'C CTCCClUiCC CTCOCTTC»C CTCGCOGOCT CCBaAlGCGG GOhOCXCQai 

«8ccsccecaog»flG(aflcssa»ccaA»TO<aocBcee^ 

121 ««»Jem<»T(aaA«3CTTTTftCCTGAC^ 
ACAWKXWA ISaAOCTCCT AAAAtCCaU^ 

kasx 

ctaxQciTO AcoTTioAC errrtxGccr CG06««iw 

241 Cera0SG0G6CTCGCCG0<a0GMCCC8 0«aau!Aa^ 

qcsgsTcecc eceacccscc ctcctcscoc c eccrcux t; i qo i c cia r a a o a cuu ji u 

as*! 

301 «Ga««J0CGCCC0C5CCCCCaCCCCTOCCC^ 

Aewiccccc CGGwaxsKw <s(n«a^ 

3«1 6TCCTTCCAC OITGOICTTC Cl gGO CXiLl ALiCi Umu c OTglTCTCW CTCaCCOCTq 
CAfiGAAGGTC GTACSTGaAC GaCCC{»AaA JWBUaCACCO CACAAOASAC flAffiCSOCanC 

I. A A A 



-2» MHLLGFFSVACSL 



leaaz 

421 C6CTGCTCCC GGGTCCTCGC GAGGCCCCCO CCCCCSCC8C CGCCtTCQAO TCCGQACTCO 
ecmCSAOGO CCCAGGAO^ CICCMC^ 

A t S SOLD 



•3 X.X.P a 9 n BAPAAAA 



481 ACCTCTCGGA CGCOSAira GACCCBGOCe ASGCCACGGC 

W«fiASCCT GCOCCTCGOG CIBCBCCCOC TCCesrecco AATAOCTTCO TTTCSAGAeC 
18 Z.SO ABP DAGSATA YAS ICDLx's 

541 AGGAGCAOTT ACOGTCTGTG TCCAGTGTAG ATCAACTCAT SACTGIACTC TACCC3U3AAT 
TCCTOTCAA TtKTAGACAC AGOTCACATC tACTTGAGW 
38 BQL RSV SSVOELM TVL YPBY 
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FIGURE IB 



•01 AT W6>a>Ag OTfteaACICTCaCCT3Ug(UiUlC0aGSCTOGauca^^ 

Tmrrro oacTicacfcCTca A aTccT Ticci ma c csricniTro i crcnuxcc 

Si WKM TKC QLSXOOW OBM XSQX 

ccnoowTT <acTXccicT CTTCTcicaaT mrouu^ 

yccAaftACTT Ticatamcpi ti alxua cct ciriui ' ua of TieaffVCTffr qtr r rf en ov 

M SIO NBWKKTQ CMP RBVC 

TBI gnuaaajBT nBBBA»caa s TTTOeacieg na tfau u i cnc (.iinriA iuv cc»cc3ttCT0* 
oiATCPCA ca.ciiu.iu AaAccrcacc acAuxiium CBu>cau»TiT flawcoi!Aa>c 

I" IBV GK8 FOVATHT FFB PPCV 

•eel 

8« TCTCCGICIA CJUSATSTCGS CSSTTCCTWa AlRBTfflUJW CCXCOiere 

AeacsCTfiar ctctacaccc ccaacsacst xaaoicTcec csneatauas ruLi i uiuur 

138 SVY KCG OCCHSBO LQC MHTS 

901 GCaC SAGCT ft CCTCAOCAAS ACOTTATTtO AAATrAOVfiT GCCICTCTCT CAAOGCCeCA 
COIGCTOSAT GGAOTCarrC lOCAATRAAC nTaATGTOl COSRGAQAGA-GnCCGCGGT 
158 TSY LSK TX.FEITV PLS QGPK 

S«l ARCCAGTRAC AATaurmT OCCAATCACA CiXLLiULU; ATg CA lUiCi' AAACTGGAXG 
TTSGTCATXO TTASTCAAAA CSGTTAGTGT GAA6GA066C TACCTACACA TTOACCTAC 
178 PVT Z8P AHBT8CB CMS KLOV 

1021 TTTACAGACA ACTTCATTCC ATTATTAGAC GTTCCCTCCC AGCAACACTA CCACASTGTC 

AAMGTCIGT TCAAOXAASG TAAIAATCTG CAABGOAOeS TCCIT6TGAT G6TCTCACA6 
l»8 r»Q VH8 IIRRSLP ATL PQCSQ 

1081 JUWCAGCGAA CAAGACCTCC CCOICCWITT AOreTGGAA TAATCAOVTC TGC3USATGCC 
TCCGTCGCl-r GrrCTGOACG GGGTCGTTAA. TGTACACCTT AT«GTGTJU5 ACGTCTACGG 
218 AAN KTC PTNYMttK MH2 CRCL 
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FIGDRE IC 



U41 TCGCTafi» AflMTTTAXO liilLCl'lJUC ATGCTGGACai TGACTCAACA GMCGATTCC 
^CCQAfl JCCX TCaaUAAlAC AAAM GAflC e Tnc aa c e rgT Ae?rtSMT^ rm CTT aMg 
238 AQS DFM P8SDAG0 DST 0Q7H 

1201 *MACMCrOtGaACC3UACAAflGA6CTOCATG»a^^ 

«CTGTMAC ACCiUUillU TTCCTCSACC TRCITCrCTC GAOlBTaiCA CACACGTCIC 
2S8 DXC 69V KSX.DBBT CQC VCRA 

1281 CMMCTTCOCCCIGCC^ 

CCCCCBAaOC CSGACCgTCG ACACCTGGGG IGillCrm A T CmUUU AglAOQSTCA 
278 OZ.S PAS CCPHKBL ORV SCQC 

1321 WTOOTAAAWaWOT 

CACASACATr limiTmA O AACGGGTCGO TiaCftCCCCQ GIIUbUVIT AAACIACrTT 
288 vex HKL PP8QC0A KRB FOBV 

1381 ACACMGCCA OTOItSH'ATOT A AA AOa AC CT GCCCOiaAAA YOUICCCCPI AATCCTGSAA 
TO'mirfiCCCT akCftCggACA a l X ILl ' lUiA CBCgS T LT TT zermtsBfip.^ TTMOMTTT 
318 TCQ CVC XRTCPRV QPL VP6K 

1441 AAIGtaCClXJ WAAXCaaCA GAAASTOCAC AGAAAXGCIT GZnAAAGGA AACAACTTCC 
TTAOCGGM ACTTACATOT CTTTCASGM TCT^^ 
338 CAC BCT BSPQKCX. LBG XBPH 

mmmX 

1501 ACCACCAAAC AIGCAGCTGT XACAGACGGC CATCTACOAA COSCCAiBAAfi aCTTCTCAGC 
TCGTGCTl'I'U TACCTCgACA A T O T C T GC C U CTACATGCTT GGCGgTCTTC aSAACACTCS 
358 HOT CSC YRRPCTH RQK ACBP 

1581 CAOGATTTTC ATATACTSAA gAAGTgSTCTg l uiui ' Lt ■ < ' w^TnTTO? AAAnflnCC!A C 
CTCCtAAAAG TATATCACTT CTTCACACAG CAACACAGGG AAGTAXAACC I iriCiWm 
378 6FS TSB BVCRCVP SVH KRPQ 

daX 

1821 AAATOWSCXAAGATTGTACTGITTTCaiGTTCAJCGATTrTCT^^ 

TTTACTCCAT TCXAACATGA CAAAAGCTCA AGXA6CXAAA AGAXAATACC TTTTCACACA 
398 MSG 



1881 TGCCACACTA GAACTGTCTG TGAACAGAGA GACCCTTGTG GGTCCATGCT AACAAAGACA 
ACGGTCTCAT CXTGACAGAC ACrrCTCTCT CTGGGAACAC CCAOGtACGA I IGinCiUT 
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FIGORE 10 



Bmtl 

1741 AAAfi'rcmTC 'iVit'CTUAAC CMISTGC8I331 ACTTTftCAGA MOGGJiCSGQ MC t CJO CX Q 
TTTCAgtf M AAASG^CTTG <naC3CT 

1801 GAAMGOCCT CmZAAAGA CTGOTriTCT GCaUTGACC AAJICAGCCAA GRITTTCCTC 
mmtUiUA QAACAgTTCT SA C CAAAAflA CGgrPlCTCC XAiUltUUri ' CXftAAAfiS a O 

18€1 A lU'iWm'C TT T3U IAAGAA TGACtaPHA Ai rmTi ' CC ACPUUMUHA nvmVX ' UC 
AAOCIAAAGAAACTrrCTTACTCAgaaAyi A A A l^ ^ 

1921 AXTCASTXTTAX3USCAAC3ULCAJaTGGXMAACXCAC^ 

TM0X3MUUI TATCGTT6TT GRMCCKTT TTQMZQMA C23US(TZA33Ul MMAIMXA 

1981 GC3VAMX3a6 TTTAAAAXMl AAmAAAATT CSZATTMAAA AAJUUVAAjyjvA A 
CBtrmiaC AAAITTXagT I XkCAXTi^ CMAATITTT IJLIirirm T 
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